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au genre Jussicea 163 
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OBJECTS AND RULES 

OP 

THE ASSOCIATION. 


OBJECTS. 

The Association contemplates no interference with the ground occupied by 
other institutions. Its objects are, — To give a stronger impulse and a more 
systematic direction to scientific inquiry, — to promote the intercourse of those 
who cultivate Science in different parts of the British Empire, with one an- 
other, and with foreign philosophers, — to obtain a more general attention to 
the objects of Science, and a removal of any disadvantages of a public kind 
which impede its progress. 

EULES. 

admission op members and associates. 

All persons who have attended the first Meeting shall be entitled to be- 
come Members of the Association, upon subscribing an obligation to con- 
form to its Eules. 

The Fellows and Members of Chartered Literary and Philosophical So- 
cieties publishing Transactions, in the British Empire, shall be entitled, in 
like manner, to become Members of the Association. 

The Ofiicers and Members of the Councils, or Managing Committees, of 
Philosophical Institutions, shall be entitled, in like maimer, to become Mem- 
bers of the Association. 

All Members of a Philosophical Institution recommended by its Council 
or Managing Committee, shall be entitled, in like manner, to become Mem- 
bers of the Association. 

Persons not belonging to such Institutions shall be elected by the General 
Committee or Council, to become Life Members of the Association, Annual 
Subscribers, or Associates for the year, subject to the approval of a General 
Meeting. 


compositions, subscriptions, and privileges. 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratmtomly the Eeports of the Association which may be pub- 
lished after the date of such payment. They are eligible to all the offices 
of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound, They shall receive 
gratuitously the Eeports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this Subscription in any particu- 
lar year, Members of this class (Annual Subscribers) lose for that and dll 
future years the privilege of receiving the volumes of the Association gratis ; 
but they may resume their Membership and pther privileges at any sub- 
sequent Meeting of the Association, paying on each such occasion the sum of 
One Pound. They are eligible to all the Offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Eeports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

n 
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RULES OR THE ASSOCIATION. 


Tlie Association consists of tlie following classes : — 

1. life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on ad- 
mission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to the 
payment of One Pound annually. [May resume their Membership after in- 
termission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the pay- 
ment of Two Pounds for the first year, and One Pound in eaeh following 
year. [May resume their Membership after intermission of Annual Pay- 
ment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis, or to purchase it at reduced (or Members’) price, 
according to the following specification, viz. : — 

1. Gratis. — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, a 
further sum of Five Pounds. 

New Life Members who have paid Ten Pounds as a compo- 
sition. 

Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At reduced or Members^ Prices, viz. two-thirds of the Publication 

Price. — Old Life Members who have paid Five Pounds as a 
composition for Annual Payments, but no further sum as a 
Book Subscription. 

Annual Members wdio have intermitted their Annual Subscrip- 
tion. 

Associates for the year. [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of completing their sets) any 

of the first seventeen volumes of Transactions of the Associa- 
tion, and of which more than 100 copies remain, at one-third of 
the Publication Price. Application to be made (by letter) to 
Messrs. Taylor & Francis, Red Lion Court, Fleet St., London. 

Subscriptions shall be received by the Treasurer or Secretaries. 

MEETINGS. 

The Association shall meet annually, for one week, or longer. The place 
of each Meeting shall be appointed by the General Committee at the pre- 
vious Meeting ; and the Arrangements for it shall be entrusted to the Officers 
of the Association. 

GENERAL COMMITTEE. 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons : — 

1. Presidents and Officers for the present and preceding years, with 
authors of Reports in the Transactions of the Association. 

2. Members who have communicated any Paper to a Philosophical Society, 
which has been printed in its Transactions, and which relates to such subjects 
as are taken into consideration at the Sectional Meetings of the Association. 
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3. Office-bearers for the time being, or Delegates, altogether not exceed- 
ing three in number, from any Philosophical Society publishing Transactions. 

4. Office-bearers for the time being, or Delegates, not exceeding three, 
from Philosophical Institutions established in the place of Meeting, or in any 
place where the Association has formerly met. 

5. Foreigners and other individuals whose assistance is desired, and who 
are specially nominated in writing for the Meeting of the year by the Presi- 
dent and General Secretaries. 

6. The Presidents, Vice-Presidents, and Secretaries of the Sections are 
ex-officio members of the General Committee for the time being. 

SECTIONAL COMMITTEES. 

The General Committee shall appoint, at each Meeting, Committees, con- 
sisting severally of the Members most conversant with the several branches 
of Science, to advise together for the advancement thereof. 

The Committees shall report what subjects of investigation they would 
particularly recommend to be prosecuted during the ensuing year, and 
brought under consideration at the next Meeting. 

The Committees shall recommend Eeports on the state and progress of 
particular Sciences, to be drawn up from time to time by competent persons, 
for the information of the Annual Meetings. 

COMMITTEE OF RECOMMENDATIONS. 

The General Committee shall appoint at each Meeting a Committee, which 
shall receive and consider the Recommendations of the Sectional Committees, 
and report to the General Committee the measures which they would advise 
to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects, shall be submitted to the Com- 
mittee of Recommendations, and not taken into consideration by the General 
Committee, unless previously recommended by the Committee of Recom- 
mendations. 

LOCAL COMMITTEES. 

Local Committees shall be formed by the Officers of the Association to 
assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers those 
Members of the Association whoso assistance they may desire. 

OFFICERS. 

A President, two or more Vice-Presidents, one or more Secretaries, and a 
Treasurer, shall be annually appointed by the General Committee. 

COUNCIL. 

In the intervals of the Meetings, the affairs of the Association shall be 
managed by a Council appointed by the General Committee. The Council 
may also assemble for the despatch of business during the week of the 
Meeting. 

PAPERS AND COMMUNICATIONS. 

The Author of any paper or communication shall be at liberty to reserve 
his right of property therein. 

ACCOUNTS. 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the Meeting. 
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Presidents and Secretaries of the Sections of the Association. 
MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OF SCIENCES, I. MATHEMATICS AND GENERAL PHYSICS. 


Date and Place. 

Presidents. 

Secretaries. 


1832. Oxford 

1833. Cambridge 

1834. Edinburgh 

Davies Gilbert, D.C L., F.R.S.... 

SirD. Brewster, F.R.S 

Rev. W. Whewell, F.R.S 

Rev. H. Coddington. 

Prof. Forbes. 

Prof. Forbes, Prof. Lloyd. 



1835. Dublin 

1836. Bristol 

1837. Liverpool... 

1838. Newcastle... 

1839. Birmingham 

1840. Glasgow ... 

1841. Plymouth... 

1842. Manchester 

1843. Cork 

1844. York 

1845. Cambridge.. 

1846. Southampton 

1847. Oxford 

1848. Swansea . ... 

1849. Birmingham 

1850. Edinburgh.. 

1851. Ipswich 

1852. Belfast 

185a Hull 

1854. Liverpool... 


SECTION A. MATHEMATICS AND PHYSICS. 


Rev. Dr. Robinson 

Rev. William Whewell, F.R.S.... 

Sir D. Brewster, F.R.S 

Sir J. F. W, Herschel, Bart., 
F.R.S. 

Rev. Prof. Whewell, F.R.S 

Prof. Forbes, F.R.S 

Rev. Prof. Lloyd, F.R.S 

Very Rev. G. Peacock, D.D., 
F R S 

Prof M‘Culloch, M.R.I.A 

The Earl of Ros.se, F.R.S 

The Very Rev. the Dean of Ely . 

Sir John F. W. Herschel, Bart., 
F.R.S. 

Rev. Prof. Powell, M.A., F.R.S. . 

Lord Wrottesley, F.R.S 

William Hopkins, F.R.S 

Prof. J. D. Forbes, F.R.S., Sec. 
R.S.E. 

Rev. W. Whewell, D.D., P.R.S., 
&c. 

Prof. W. Thomson, M.A., F.R.S. 
L. & E. 

The Dean of Ely, F.R.S 

Prof. G. G. Stokes, M.A., Sec, 
R.S. 


Prof. Sir W. R. Hamilton, Prof. 
Wheatstone. 

Prof. Forbes, W. S. Harris, F. W. 
Jerrard. 

W. S. Harris, Rev. Prof. Powell, Prof. 
Stevelly. 

Rev. Prof. Chevallier, Major Sabine, 
Prof. Stevelly. 

J. D. Chance, W. Snow Harris, Prof. 
Stevelly. 

Rev. Dr. Forbes, Prof. Stevelly, Arch. 
Smith. 

Prof. Stevelly. 

Prof. M‘Culloch, Prof. Stevelly, Rev. 

W. Scoresby. 

J. Nott, Prof. Stevelly. 

Rev. Wm. Hey, Prof. Stevelly. 

Rev. H. Goodwin, Prof. Stevelly, G. 
G. Stokes. 

John Drew, Dr. Stevelly, G. G. 
Stokes. 

Rev. H. Price, Prof. Stevelly, G. G. 

Stokos 

Dr. Stevelly, G. G. Stokes. 

Prof. Stevelly, G. G. Stokes, W. 
Ridout Wills. 

W. J. Macquom Rankine, Prof. 
Smyth, Prof. Stevelly, Prof. G. G. 
Stoxes. 

S. Jackson, W. J. Macquorn Rankine, 
Prof. Stevelly, Prof. G. G. Stokes. 
Prof. Dixon, W. J. Macquorn Ran- 
kine. Prof. Stevelly, J. Tyndall. 

B. Blaydes Haworth, J. I). Sollitt, 
Prof. Stevelly^ J. Welsh. 

J. Hartnup, H. G. Puokle, Prof. 
Stevelly, J. Tyndall, J. Welsh. 
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Date and place. 

1855. Glasgow ... 

1856. Cheltenham 

1857. Dublin 

1858. Leeds 

1859. Aberdeen .. 

1860. Oxford 

1861. Manchester. 

1862. Cambridge . 

1863. Newcastle 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee 


Presidents. 


Secretaries. 


Rev. Prof. Kelland, M.A., F.R.S.I 
L. & E. 

iRev. R. Walker, M.A., F.R.S. .. 


Rev. T. R. Robinson, DD., F.R.S., 
M.R.I.A. 

Rev. W. Whewell, D.D., V.P.R.S. 


The Earl of Rosse, M.A., K.P., 
F.R.S. 

Rev. B. Price, M.A., F.R.S 

G. B. Airy,M.A., D.C.L., F.R.S. 

!Prof. G. G. Stokes, M.A., F.R.S. 

Prof. W. J. Macquom Rankine, 
C.E., F.R.S. 

Prof. Cayley, M.A,, F.R.S.,i 
F.R.A.a 

W. Spottiswoode, M.A., F.R.S., 
F.R.A.S. 

IProf. Wheatstone, D.C.L., F.R.S. 

Prof. Sir W. Thomson, D.C.L., 
F.R.S. i 


Rev. Dr. Forbes, Prof. D, Gray, Prof. 
Tyndall. 

fC. Brooke, Rev. T. A. South wood, 
Prof. Stevelly, Rev. J. C. Turnbull. 
Prof. Curtis, Prof. Hennessy, P. A. 
Ninnis, W. J. Macquorn Kankine, 
Prof. Stevellv. 

Rev. S. Earnsnaw, J. P. Hennessy, 
Prof. Stevelly, H. J. S. Smith, Prof. 
Tyndall. 

Ij. P. Hennessy, Prof. Maxwell, H. J. 

I Smith, Prot. Stevelly. 

Rev. G. C. Bell, Rev. T. Rennison, 
Prof. Stevelly. 

Prof. R B. Chfton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. S. 

Smith, Prof. Stevelly. 

|Rev. N. Ferrers, Prol. Fuller, F. Jen- 
kin, Prof. Stevelly, Rev. C. T. 
Wlutley. 

|Prof. Fuller, F. Jenkin, Rev. G. 

Buckle, Prof. Stevelly. 

[Rev. T. N. Hutclunson, F. Jenkin, G. 
S. Mathews, Prof. H. J. S. Smith, 
J. M. Wilson 

Fleeming Jenkin, Prof. H. J. S. Smith, 
Rev. S. N. Swann. 

Rev. C. Buckle, Prof. G. C. Foster, 
Prof, haulier. Prof. Swan. 


CHEMICAL SCIENCE. 


COMMITTEE OP SCIENCES, II. CHEMISTKT, MINEEALOQY. 


1832. Oxford 

1833. Cambridge.. 

1834. Edinburgh . 


John Dalton, D.C.L., F.R.S.. 
John Dalton, D.C.L., F.R.S.. 
Dr. Hope 


James F. W. Johnston. 

Prof. Miller. 

Mr. Johnston, Dr. Christison. 


1835. Dublin 

1836. Bristol 

1837. Liverpool... 

1838. Newcastle... 

1839. Birmingham 

1840. Glasgow ... 

1841. Plymouth... 

1842. Manchester. 

1843. Cork 

1844. York 

1845. Cambridge . 


SECTION B. CHEMISTRY AND MINERALOGY. 


Dr. T. Thomson, F.R.S ! 

Rev. Prof. Gumming 

Michael Faraday, F.R.S 

Rev. William Whewell, F.R.S 

Prof. T. Graham, F.R.S 

Dr. Thomas Thomson, F.R.S. ... 

Dr. Daubeny, F.R.S 

John Dalton, D.C.L., F.R.S 

Prof. Apjohn, M.R.I.A 

Prof. T. Graham, F.R.S 

Rev. Prof. Gumming 


Dr. Apjohn, Prof. Johnston. 

Dr. Apjohn, Dr, C. Henry, W. Hera- 
path. 

Prof. Johnston, Prof. Miller, Dr. 
Reynolds. 

Prof. Miller, R. L. Pattinson, Thomas 
Richardson. 

Golding Bird, M.D., Dr. J. B. Melson. 
Dr. R. D. Thontson, Dr. T. Clark, 
Dr. L. Playfair. 

J. Prideaux, Robert Hunt, W. M. 
Tweedy. 

Dr. L. Playfair, R. Hunt, J. Graham. 
R. Hunt, Dr. Sweeny. 

Dr. L. Playfair, E. Solly, T, H. Barker. 
R. Hunt, J. P. Joule, Prof. Miller. 
E. Solly. 





PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


XXVll 


Date and Place. Presidents. Secretaries. 

1846. Southampton Michael Faraday, D.C.L., F.R.S. Dr. Miller, R. Hunt, W. Randall. 

1847. Oxford Rev.W. V.Harcourt,M.A.,F.R.S. B. C. Brodie, R. Hunt., Prof. Solly. 

1848. Swansea ... Richard Phillips, F.R.S T. H. Henry, R. Hunt, T. Williams. 

1849. Birmingham John Percy, M.D., F.R S R. Hunt, Q-. Shaw. 

1850. Edinburgh . Dr. Christison, V.P.R.S.E. . . . Dr. Anderson, R. Hunt, Dr. Wilson. 

1851. Ipswich ... Prof. Thomas Graham, F.R.S T. J. Pearsall, W. S. Ward. 

1852. Belfast Thomas Andrews, M.I) , F.R.S. . Dr. Gladstone, Prof. Hodges, Prof. 

Ronalds. 

1853. Hull Prof J. F. W. Johnston, M.A., H. S. Blundell, Prof. R. Hunt, T. J. 

F.R.S. Pearsall. 

1854. Liverpool .. Prof. W. A. Miller, M.D., F.R.S. Dr. Edwards, Dr. Gladstone, Dr. 

Price. 

1855. Glasgow ... Dr. Lyon Playfair, C.B., F.R.S. . Prof. Frankland, Dr. H. E. Roscoe. 

1850. Cheltenham Prof. B. C. Brodie, F.R.S J. Horsley, P. J. Worsley, Prof. 

Voelcker. 

1857. Dublin.... Prof. Apjohn, M.D., F.R.S., Dr. Davy, Dr. Gladstone, Prof. Sul- 

M.R.I.A. livan. 

1858. Leeds Sir J. F. W. Herschel, Bart., Dr. Gladstone, W. Odling, R. Rey- 

I D.C.L. nolds. 

1859. Aberdeen Dr Lyon Playfair, C.B , F R.S. . J. S. Brazier, Dr. Gladstone, G. D, 

Liveing, Dr. Odling. 

1800. Oxford... Prof. B. C. Brodie, M.A., F.R.S. .A. Vernon Harcourt, G. D. Liveing, 

A. B. Nortlicote. 

1801. Manchester . Prof. W. A. Miller, M.D., F.R.S A. Vernon Harcourt, G. D Liveing. 
1862 Cambridge . Prof. W. A. Miller, M.D., F.R.S. H. W. Elphinstone, W. Odling, Prof. 

Roscoe. 

1863. Newcastle... Dr. Alex. W. Williamson, FR.S. Prof. Liveing, H. L. Pattinson, J. C. 

Stevenson. 

1864. Bath W. Odling, M.B.,F.R.S.,F.C.S. A. V. Harcourt, Prof. Liveing, R. 

Biggs. 

1865. Birmingham Prof. W. A. Miller, M.D.,V.P.R.S. A. v . Harcourt, H. Adkins, Prof. 

Wanklyn, A. Winkler Wills. 

1800. Nottingham H. Bence Jones, M.D., F.R.S. .. J. H. Atherton, Prof. Liveing, W. J. 

Russell, J. White. 

1867. Dundee Prof.T.Andcrson,M.D.,F.R.S.E. A. Crum Brown, Prof. G. D. Liveing, 

W. J. Russell. 


GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE. 

COMMITTEE OF SCIENCES, III. — GEOLOGY AND GEOGKAPDY. 

1832. Oxford R. I. Murchison, F.R.S John Taylor. 

1833. Cambridge.. G. B. Greenough, F.R.S W. Lonsdale, John Phillips. 

1834. Edinburgh.. Prof. Jameson Prof. Phillips, T. Jameson Torrie, 

Rev. J. Yates. 

SECTION C. — GEOLOGY AND GEOGEAPHY. 

1835. Dublin R. J. Griffith 

1836. Bristol Rev. Dr. Buckland, F.R.S, — Geo- 

graphy. R.I.Murchison,F.R.S. 

1 837. Liverpool . . . Rev. l^of. Sedgwick, F R.S. — Geo- 

graphy. G.B. Greenough, F.R.S. 

1838. Newcastle .. C. Lyell, F.R.S., V.P.G.S. — Gw- 

graphy. Lord Prudhope. 

1839. Birmingham Rev. Dr. Buckland, F.R.S. — Geo- 

graphy. G.B.Greenough,F.R.S. 


Captain Portlock, T. J. Torrie. 
Wuliam Sanders, S. Stutchbury, T. J. 
Torrie. 

Captain Portlock, R. Hunter.-r-trso- 
^c^hy. Captain H. M. Denham, 

W. C. Trevelyan, Ca^ Portlock. — 
Geography, Capt. Washingtem. 
George Lloyd, M.D., H. E. Steiokland, 
CMrles Darwin. 
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REPORT — 1867. 


Bate and Place. Presidents. Secretaries. 


1840. Glasgow ...Charles L^ll, P.R.S. — Ge^ra-W. J. Hamilton, B. MUne, Hugh 

G.'b. Green ough, F.R.S. Murray, H. E. Strickland, John 

Scoular, M.B. 

1841. Plymouth . . H. T. Be la Beche, F.R.S. W. J. Hamilton, Edward Moore, M.B., 

R. Hutton. 

1842. Manchester R. I. Murchison, F.R.S E. W. Binney, R. Hutton, Br. R. 

Lloyd, H. E. Strickland. 

1843. Cork Richard E. Griffith, F.R.S., Francis M. Jennings, H. E. Strick- 

M.R.I.A. land. 

1844. York Henry Warburton, M.P., Pres. Prof. Ansted, E. H. Bunbury. 

Geol. Soc. 

1845. Cambridge . Rev. Prof. Sedgwick, M. A., F.R.S. Rev. J. C. Camming, A. C. Ramsay, 

Rev. W. Thorp 

1846. Southampton LeonardHorner,F.R.S. — Geogra- Robert A. Austen, J. 11. Norten, M.D., 

phy. G. B. Green ough, F.R.S. Prof. Oldlmm. — Geography. Dr. C. 

T. Beke. 

1847. Oxford Very Rev. Br. Buckland, F.R.S. Prof. Ansted, Prof. Oldham, A. C. 

Ramsay, J. Raskin. 

1848. Swansea ... Sir H. T. Be la Beche, C.B., Starling Benson, Prof. Oldham, Prof. 

F.R.S. Ramsay. 

1849. Birmingham Sir Charles Lyell, F.R.S., F.G.S. J. Beete Jukes, Prof. Oldliam, Prof. 

A. C. Ramsay. 

1850. Edinburgh * Sir Roderick I. Murchison,F.R.S. A. Keith Johnston, Hugh Miller, Pro- 

fessor Nicol. 

SECTION c. {continued,) — geology. 

1851. Ipswich ... William Hopkins, M. A,, F.R.S... C. J. F. Bunbury, G. W. Ormerod, 

Searles Wood. 

1852. Belfast Lieut.-Col. Portlock,R.E., F.R.S. James Bryce, James MacAdam, Prof. 

M‘Coy, Prof. Nicol. 

1853. Hull Prof. Sedgwick, F.R.S Prof. Harkness, William Lawton. 

1854. Liverpool .. Prof. Edward Forbes, F.R.S. ...John Cunningham, Prof. Harkness, 

G. W. Ormerod, J. W. WoodaU. 

1855. Glasgow ... Sir R. I. Murchison, F.R.S James Bryce, Prof. Harkness, Prof. 

Nicol. 

1856. Cheltenham Prof. A. C. Ramsay, F.R.S Rev. P. B. Brodie, Rev. R. Hepworth, 

Edward Hull, J. Scougall, T. Wright. 

1857. Dublin The Lord Talbot de Malahide ... Prof. Harkness, Gilbert Sanders, Ro- 

bert H. Scott. 

1858. Leeds William Hopkins, M.A., LL.B., Prof. Nicol, H. 0. Sorby, E. W. 

F.R.S. Shaw. 

1859. Aberdeen... Sir Charles Lyell, LL.B., B.C.L., Prof. Harkness, Rev. J. Longmuir, H. 

F.R.8. C. Sorby. 

1860. Oxford Rev. Prof. Sedgwick, LL.B., Prof. Harkness, Edward Hull, Capt. 

F.R.S., F.G.S. Woodall. 

1861. Manchester Sir R. I. Murchison, D.C.L., Prof. Harkness, Edward Hull, T. Ru- 

LL.B., F.R.S., &c. pert Jones, G. W. Ormerod. 

1862. Cambridge J. Beete Jukes, M.A., F.R.S Lucas Barrett, Prof. T. Rupert Jones, 

H. C. Sorl^. 

1863. Newcastle... Prof. Warington, W. Smyth, E. F. Boyd, John Baglish, H. C. Sor- 

F.R.S., F.G.S. by, Thomas Sopwith. 

1864. Bath Prof. J. Phillips, LL.B., F.R.S., W. B. Dawkins, J. Johnston, H. C. 

F.G.S. Sorby, W. Pengelly. 

^ At the Meeting of the General Committee held in Edinburgh, it was agreed “ That the 
subject of Geography be separated from Geology and combined with Ethnolo^, to consti- 
tute a separate Section, under the title of the “ Geographical and Ethnological ^tion,” 
for Presidents and Secretaries of which see page xixi. 



PRESIDENTS AND SECRETARIES OF THE SECTIONS. xxix 


Date and place. 

Presidents. 

Secretaries. 

1865. Birmingham 

1866. Nottingham 

1867. Dundee ... 

Sir R. I. Murchison, Bart.,K.C.B. 

Prof. A. C. Ramsay, LL.D., F.R.S. 

Archibald Geikie, F.R.S., F.G.S. 

Rev. P. B. Brodie, J. Jones, Rev. B, 
Myers, H. C. Sorby, W. Pengelly. 
R. Etheridge, W. Pengelly, T. Wil- 
son, G. H. Wright. 

Edward Hull, W. Pengelly, Henry 
Woodward. 


BIOLOGICAL SCIENCES. 


COMMITTEE OF SCIENCES, IV. ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford Rev. P. B. Duncan, F.O.S Rev. Prof. J. S. Henslow. 

1833. Cambridge* Rev. W. L. P. Garnons, F.L.S.... C. C. Babington, D. Don. 

1834. Edinburgh Prof. Graham W. Yarrell, Prof. Burnett. 

SECTION D. — ZOOLOGY AND BOTANY. 

1835. Dublin Dr. Allman J. Curtis, Dr. Litton. 

1836. Bristol Rev. Prof. Henslow J. Curtis, Prof, Don, Dr. Riley, S. 

Rootsey. 

1837. Liverpool... W. S. MacLeay C. C. Babington, Rev. L. Jenyns, W. 

Swainson. 

1838. Newcastle SirW. Jardine, Bart J. E. Gray, Prof. Jones, R. Owen, Dr. 

Richardson. 

1839. Birmingham Prof. Owen, F.R.S E. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D Prof. W. Couper, E. Forbes, R. Pat- 

terson. 

1841. Plymouth John Richardson, M.D., F.R.S.. . . J. Couch, Dr. Lankester, R. Patterson. 

1842. Manchester Hon. and Very Riev. W. Herbert, Dr. Lankester, R. Patterson, J. A. 

LL.D., F.L.S. Turner. 

1843. Cork William Thompson, F.L.S G. J. Allman, Dr. Lankester, R. Pat- 

terson. 

1844. York VeryRev.TheDeanofManchester Prof. Allman, H. Goodsir, Dr. King, 

Dr. Lankester. 

1845. Cambridge Rev. Prof. Henslow, F.L.S Dr. Lankester, T. V. Wollaston. 

1846. Southampt® Sir J. Richardson,' M.D., F.R.S... Dr. Lankester, T. Y. Wollaston, H. 

Wooldridge. 

1847. Oxford H. E. Strickland, M. A., F.R.S.... Dr. Lankester, Dr. Melville, T. V. 

Wollaston. 


SECTION D. ZOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY. 

[For Anatomical and Physiological Subsections and the temporary Section E of Ana- 
tomy and Medicine, see pp. xxx, xxxi. For the Presidents and Secretaries see p. xxxi.] 

1848. Swansea ... L. W. Dillwyn, F.R.S Dr. R. Wilbraham Falconer, A. Hen- 

fr^, Dr. Lankester. 

1849. Birmingham William Spence, F.R.S Dr. Lankester, Dr. Russell. 

1850. Edinburgh .. Prof. Goodsir, F.R.S. L. & E. ... Prof. J. H. Bennett, M.D., Dr. Lan- 

kester, Dr. Douglas Maclagan. 

1851. Ipswich Rev. Prof. Henslow, M.A., F.R.S. Prof. Allman, F. W. Johnston, Dr. B. 

Lankester. 

1852. Belfast W. Ogilby Dr. Dickie, George C. Hyndman, Dr. 

Edwin Lankes&. 

1853. Hull C. C. Babington, M.A., F.R.S.... Robert Harrison, Dr. E. Lankester. 

* At this Meeting Physiolo^ and Anatomy were made a separate Committee, for 
Presidents and Secretaries of which see p. xxx. 
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Date and Place. 

1854. Liverpool ... 
1856. Glasgow . . . 

1856. Cheltenham . 

1857. Dublin 

1858. Leeds 

1859. Aberdeen ... 

1860. Oxford 

1861. Manchester . 

1862. Cambridge .. 

1863. Newcastle . . 

1864. Bath 

1865. Birmingham 


1866. Nottingham.! 


1867. Dundee 


Presidents. 


Prof. Balfour, M.D., RR.S 

Rev. Dr. Fleeming, F.R.S.E, . 
Thomas Bell, F.R.S., Pre8.L.S. 

Prof. W. H. Harvey, M.D., F.B.S. 

C. C. Babington, M.A., F.R.S. . 
Sir W. Jardine, Bart., F.R.S.E. . 
Rev. Prof. Henslow, F.L.S. ... 
Prof, C. C. Babington, F.R.S. .. 

i 

Prof. Huxley, F.R S 

Prof. Bulfoiir, M.D., P.ES... . 

Dr. John E. Gray, F.R.S. . 

T. Thomson, M.D., F.R.S. 


Secretaries. 


Isaac Byerley, Dr. E. Lankester. 
William Keddie, Dr. Lankester. 

Dr. J. Abercrombie, Prof. Buckman, 
Dr. Lankester. 

Prof. J. R. Kinahan, Dr. E. Lan- 
kester, Robert Patterson, Dr. W. E. 
Steele. 

Henry Denny, Dr Heaton, Dr. E. 

Lankester, Dr. E. Perceval Wright. 
Prof. Dickie, M.D, Dr. E. Lankester, 
Dr. Ogilvy. 

W. S. Church, Dr. E Lankester, P. 

L. Sclater, Dr. E Perceval Wriglit. 
Dr. T. Alcook, Dr. E. Lankester, Dr. 

P. L Sclater, Dr E. P. Wright. 
Alfred Newton, Dr. E P. Wright. 

Dr. E. Charlton, A. Newton, Rev. H. 

B. Tristram, Dr. E. P. Wright. 

H. B. Brady, C. E Broom, H. T. 

Stainton, Dr. E. P W>iglit 
Dr. J. Anthony, Rev. C. Clarke, Rev. 
H. B. Tristram, Dr. E. P. Wright. 


SECTION D. BIOLOGY*. 


Prof. Huxley, LLD, F.RS.— 
Phystohgica} l)ef. Prof. Hum- 
phry, M.D., F.R.S. — Anthropo- 
logical Dej). Alfred R. Wallace, 
F R G S 

Prof. Sharpey, M.D., Sec. R S — 
Dep. of ZooL and Bot. George 
Busk, M.D., F.R.S. 


IDr. J. Beddard, W. Fclkin, Rev. H. 
B. Tristram, W. Turner, E. B. 
Tylor, Dr. E. P. Wright 


|C. Spence Bate, Dr S. Cobbold, Dr. 
M. Foster, H. T. Stainton, Rev. H. 
B. Tristram, Prof. W. Turner. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 


COMMITTEES OF SCIENCES, Y. ^ANATOMY AND PHYSIOLOGY. 

1833. Cambridge .IDr. Haviland IDr. Bond, Mr. Paget. 

1834, Edinburgh ..|Dr. Abercrombie jDr. Roget, Dr. Mhlliam Thomson. 


SECTION E. (until 1 847.) ANATOMY AND MEDICINE. 


1835. Dublin 

1836. Bristol 

1837. Liverpool ... 


Dr. Pritchard 

Dr. Roget, F,R.S 

Prof. W. Clark, M.D 


1838. Newcastle ... 

1839. Birmingham 

1840. Glasgow .. 


T. E. Headlam, M.D 

John Yelloly, M.D., F.R.S. . 
James Watson, M.D 


1841. Plymouth ... 

1842. Manchester . 

1843. Cork 

1844. York 


P. M. Roget, M.D., Sec. R.S. 

Edward Holme, M.D., F.L.S. 

Sir James Pitcairn, M.D 

J. C. Pritchard, M.D 


Dr. Harrison, Dr. Hart. 

Dr. Symonds. 

Dr. J. Carson, jun., James Long, Dr. 
J. R. W. Vose. 

T. M. Greenhow, Dr. J. R. W. Vose. 
Dr. G. O. Rees, F. Ryland. 

Dr. J. Brown, Prof. Couper, Prof. 
Reid. 

Dr. J. Butter, J. Fuge, Dr. R. S. 
Sargent. 

Dr. Chaytor, Dr. Sargent. 

Dr. John Popham, Dr. R. S. Sargent. 
I. Erichsen, Dr. R. S. Sargent. 


* At the Meeting of the General Committee at Birmingham, it was resolved : — “ That the 
title of Section D be changed to Biolo^ ; and “ That for the word ‘ Subsection ’ in the 
third paragraph of the business of the Sections, the word ‘ Department ’ be substituted.” 
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Date and Place. Presidents. Secretaries. 


SECTION E. — PHYSIOLOGY. 

1845. Cambridge .. Prof. J. Haviland, M.D Dr. R. S. Sargent, Dr. Webster. 

1846. Southampton Prof. Owen, M.D., P’.R.S C. P. Keele, Dr. Laycock, Dr. Sargent. 

1847. Oxford*.. .. Prof. Ogle, M.D., F.R.S Dr. Thomas, K Chambers, W. P. 

Ormerod. 


PHYSIOLOGICAL SUBSECTIONS. 

1850. Edinburgh .. Prof. Bennett, M.D., F.II.S.E. ... 

1855. Q-lasgow .. Prof. Allen Thomson, F.R.S. .. Prof. J. H: Corbett, Dr. J. Struthers. 

1857. Dublin Prof. R. Harrison, M D Dr. R. D. Lyons, Prof. Redfem. 

1858. Leeds Sir Benjamin Brodie,Bart.,F.R.S C. G. Wheelhouse. 

1859. Aberdeen ... Prof. Sharpey, M.D., See. R.S. Prof. Bennett, Prof. Redfern. 

18G0. Oxford Prof. O. Rolleston, M.D., F.L.S. Dr. R M‘Donnell, Dr. Edward Smith. 

1861. Manchester . Dr. John Davy, F.E.S.L. & E. .. Dr. W. Roberts, Dr. Edward Smith. 

1862. Cambridge .. C. E. Paget, M.D G. F. Helm, Dr. Edward Smith. 

1863. Newcastle . Prof. Rolleston, M.D., F R.S. Dr. D. Embleton, Dr. W. Turner. 

1864. Bath Dr. Edward Smith, LL.D., F.R.S. J. S. Bartrum, Dr. W. Turner. 

1865 Birmingham Prof. Acland, M.D., LL.D.,F.R.S Dr. A. Fleming, Dr. P. Heslop, Oliver 

Pembleton, Dr. W. Turner. ^ 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 

[For Presidents and Secretaries previous to 1851, see Section C, p. xxvii.] 
ETHNOLOGICAL SUBSECTIONS. 

1846. Southampton Dr. Pritchard Dr. King. 

1847. Oxford ... Prof. H. H. Wilson, M.A. .... Prof. Buckley. 

1848. Swansea G. Grant Francis. 

1849. Birmingham Dr. R. G. Latham. 

1850. Glasgow . Vice-Admiral Sir A. Malcolm ... Daniel Wilson. 


SECTION E. GEOGRAPHY AND ETHNOLOGY. 

1851. Ipswich Sir R. I. Murchison, F.R.S., Pres. R. Cull, Rev. J. W. Donaldson Dr. 

R.G.S. Norton Shaw. 

1852. Belfast Col. Chesney, R.A., D.C.L., R. Cull, R. MacAdam, Dr. Norton 

F.R.S. Shaw. 

1853. Hull R. G. Latham, M!.D., F.R.S. . . R. Cull, Rev. H. IV. Kemp, Dr. Nor- 

ton Shaw. 

1854. Liverpool ...Sir R. I. Murchison, D.C.L., Richard Cull, Rev. H. Higgins, Dr. 

E.R.S. Ihne, Dr. Norton Shaw. 

1855. Glasgow ... Sir J. Richardson, M.D., F.R.S. Dr. W. G. Blackie, R. Cull, Dr. Nor- 

ton Shaw. 

1856. Cheltenham. Col. Sir H. C. Rawlinson, K.C.B. R. Cull, F. D. Hartland, W. H. Rum- 

sey. Dr. Norton Shaw. 

1857. Dublin Rev. Dr. J.Henthawn Todd, Pres. R. Cull, S. Ferguson, Dr. R. R. Mad- 

R*LA. den, Dr. Norton Shaw. 

1858. Leeds Sir R. I. Murchison, G.C.StS., R. Cull, Francis Galton, P. O’Cal- 

E.R.S. laghan. Dr. Norton Shaw, Thomas 

Wright. 

* By direction of the General Committee at Oxford, Sections D and E were inoorpo^ited 
under the name of “ Section D — Zoology and Botany, including Physiology ” (see p. xxix). 
Section being then vacant was assigned in 1851 to Geography. 
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Date and Place. Presidents. Secretaries. 

1869. Aberdeen ...Rear-Admiral Sir James Clerk Richard Cull, Professor Ceddes, Dr. 
Ross, D.C.L., F.R.S. Norton Shaw. 

1860. Oxford Sir R. I. Murchison, D.C.L., Capt. Burrows, Dr. J. Hunt, Dr. C. 

F.R.S. Lemwiere, Dr. Norton Shaw. 

1861. Manchester . John Crawfurd, F.R.S Dr. J. Hunt, J. Kingsley, Dr. Norton 

Shaw, W. Spottiswoode. 

1862. Cambridge .. Francis Qalton, F.R.S J. W. Clarke, Rev. J. Glover, Dr. 

Hunt, Dr. Norton Shaw, T. Wright. 

1863. Newcastle ... Sir R. I. Murchison, K.C.B., C. Carter Blake, Hume Greenfield, 

F.R.S. C. R. Markham, R. S. Watson. 

1864. Bath Sir R. I. Murchison, K.C.B., H. W. Bates, C. R. Markham, Capt. 

F.R.S. R. M. Murchison, T. Wright. 

1865. Birmingham Major-General Sir R. Rawlinson,H. W. Bates, S. Evans, G. Jabet, C. 

M.P., K.C.B., F.R.S. R. Markham, Thomas Wright. 

1866. Nottingham. Sir Charles Nicholson, Bart., H. W. Bates, Rev. E. T. Cusins, R. 

LL.D. H. Major, Clements R. Markliam, 

D. W. Nash, T. Wright. 

1867. Dundee Sir Samuel Baker, F.R.G.S H. W. Bates, Cyril Graham, C. R. 

Markham, S. J, Mackie, R. Sturrock. 


STATISTICAL SCIENCE. 


COMMITTEES OF SCIENCES, VI. STATISTICS. 

1833. Cambridge .IProf. Babbage, F.R.S jJ. E. Drinkwater. 

1834. Edinburgh .(Sir Charles Lemon, Bart .....|Dr. Cloland, C. Hope Maclean. 

SECTION F. — STATISTICS. 

1835. Dublin Charles Babbage, F.R.S W. Greg, Prof. Longfield. 

1836. Bristol Sir Charles Lemon, Bart., F.R.S. Rev. J. E. Bromby, C. B. Fripp, 

James Heywood. 

1837. Liverpool ... Rt. Hon. Lord Sandon W. R. Greg, W. Langton, Dr. W. C. 

Tayler. 

1838. Newcastle ... Colonel Sykes, F.R.S W. Cargill, J. Heywood, W. R. Wood. 

1839. Birmingham Henry Hallam, F.R.S F. Clarke, R. W Rawson, Dr. W. C. 

Tayler. 

1840. Glasgow ... Rt. Hon. Lord Sandon, F.R.S., C. R. Baird, Prof. Ramsay, R. W. 

M.P. Rawson. 

1841. Plymouth ... Lieut.-Col. Sykes, F.R.S Rev. Dr. Byrth, Rev. R. Luney, R. 

W. Rawson. 

1842. Manchester . G. W. Wood, M.P., F.L.S Rev. R. Luney, G. W. Ormerod, Dr. 

W. C. Tayler. 

1843. Cork Sir C. Lenaon, Bart, M.P Dr. D. Bullen, Dr. W. Cooke Tayler. 

1844. York Lioot-Col. Sykes, F.R.S., F.L.S. J. Fletcher, J. Heywood, Dr. Laycock. 

1845. Cambridge .. Rt Hon. The Earl Fitzwilliam.. J. Fletcher, W. Cooke Tayler, LL.D. 

1846.Southampton G. R. Porter, F.R.S J. Fletcher, F. G. P. Neison, Dr. W. 

C. Tayler, Rev. T. L. Shapcott. 

1847. Oxford Travers Twiss, D.C.L., F.R.S. ... Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 

1848. Swansea ... J. H. Vivian, M.P., F.R.S J. Fletcher, Capt R. Shortrede. 

1849. Birmingham Rt. Hon. Lord Lyttelton Dr. ]^ch. Prof. Hancock, F. G. P. 

Neison. 

1850. Edinburgh .. Very Rev. Dr. John Lee, Prof. Hancock, J. Fletcher, Dr. J. 

V.P.R.S.E. Stark. 

1851. Ipswich Sir John P. Boileau, Bart J. Fletcher, Prof. Hancock. 

1852. Belfast His Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 

Dublin. MacAdam, Jun. 

1853. Hull James Heywood, M.P., FJt.S. ... EdwardCheshire, William Newmarch. 
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Date and Place. 

President. 

Secretaries. 

1854. Liverpool .. 

Thomas Tooke, F.R.S 

E. Cheshire, J. T. Danson, Dr. W. H. 
Duncan, W. Newmarch. 

1855. Glasgow 

R. Monckton Miles, M.P 

J. A. Campbell, E. Cheshire, W. New- 
march, Prof. R. H. Walsh. 


SECriON F. ECONOMIC SCIENCE AND STATISTICS. 

185C). Cheltenham Rt. Hon. Lord Stanley, M.P. .. Rev. C. H. Bromby, E. Cheahire, Dr. 

W. N. Hancock Nevnnarch, W. M. 
Tartt. 

1857. Dublin His Grace the Archbishop of Prof. Cairns, Dr. H. D. Hutton, W. 

Dublin, M.R.I A. Ncwrnarch. 

1858. Leeds Edward Baines T. B. Baines, Prof. Cairns, S. Brown, 

Capt. Fishbourne, Dr. J. Strang. 

1859. Aberdeen . Col. Sykes, M.P., F.RS Prof. Cairns, Edmund Macrory, A. M. 

Smith, Dr. John Strang. 

1860. Oxford Nassau W. Senior, M.A Edmund Macrory, W. Nowmarch, 

Re\ . Prof. J. E T. Rogers. 

1861. Manchester William Newmarch, F.R.S. .. . David Chadwick, Prof. R. C. Christie, 

E. Macrory, Rev. Prof. J. E. T. 
Rogers 
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Report of the Council of the British Association, presemted to the 
General Committee, Wednesday, September 4, 1867. 

The Annual Reports of the Treasurer, the Rarliainentary Committee, and 
the Kew Committee have been received, and will be presented to the General 
Committee. 

At the last Meeting of the General Committee at Nottingham, the following 
Resolution was adopted: — 

‘‘That the Kew Committee be authorized to discuss and make the neces- 
sary arrangements wilii the Board of Trade should any proposal be made re- 
specting the superintendence, reduction, and publication of Meteorological 
Observations, in accordance with the recommendations of the Report of the 
Comniittee appointed to consider certain questions relating to the Meteorolo- 
gical Department of the Board of Trade.” 

The arrangements which have been made by virtue of the power thus 
granted to the Kew Committee are described in detail in their Report, to 
which the Council beg to refer the General Committee. 

The General Officers of the Association were requested by the Council 
to inquire into the practicability of having lectures delivered to the Opera- 
tive Classes when the Association meets in large towns. The Officers having 
reported in favour of the occasional delivery of such lectures, and having like- 
wise ascertained that a lecture of the kind was desired by the Local Officers 
at Dundee, the Council have requested Professor Tyndall to deliver one on 
Thursday next. 

At the last Meeting of the Association, the Committee of Recommendations 
referred to the Council certain Resolutions which had been adopted by the 
Committees of two Sections, relative to the teaching of Natural Science in 
Schools. The Council, fully impressed with the importance of the subject, 
appointed a Special Committee for the purpose of inquiring into the question, 
and of preparing a report thereon. This Committee consisted of the General 
Officers of the Association, the Trustees, the Rev. F. W. Farrar, M.A., F.R.S., 
the Rev. T. N. Hutchinson, M.A., Professor Huxley, F R.S., Mr. Payne, Pro- 
fessor Tyndall, F.R.S., and Mr. J. M. Wilson, M.A. The Council, having con- 
sidered the Report presented by this Committee, adopted the recommenda- 
tions contained therein, and resolved that the Report be submitted to the 
General Committee at Dundee. 

The Council recommend that Sir Roderick Murchison, Bart., be elected a 
Yicc-President at the present Meeting. 

At their Meeting on the 9th of March, the Council also decided to recom- 
mend for election, as a Vice-President, the late Provost Parker. They after- 
wards learned, with deep regret, that death had deprived the Association of 
the services of so esteemed and zealous an officer. 

The name of M. tTanssen has been added to the list of Corresponding 
Members. 

The Council have been informed that the Association will be invited to 
hold future Meetings at Norwich, Plymouth, Exeter, Edinburgh, Liverpool, 
and Brighton. 

Report of the Committee appointed by the Council of the British 
Associatldn for the Advancement of Science to consider the best 

means for promoting Scientific Education in Schools, 

1. A demand for the introduction of Science into the modem system of 
education hm increased so steadily during the last few years, and has re- 
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ceived the approval of so many men of the highest eminence in every rank 
and profession, and especially of those who have made the theory and prac- 
tice of education their study, that it is impossible to doubt the existence of 
a general, and even a national desire to facilitate the acquisition of some 
scientific knowledge by boys at our Public and other Schools. 

2. We would point out that there is already a general recognition of 
Science as an element in liberal education. It is encouraged, to a greater or 
less degree, by the English, Scotch, and Irish Universities ; it is recognized 
as an optional study by the College of Preceptors ; it forms one of the sub- 
jects in the Local Examinations of Oxford and Cambridge ; and it has even 
been partially introduced into several Public Schools. We have added an 
appendix containing information on some of these points^. But the means 
at present adopted in our Schools and Universities for maldng this teaching 
effective, are, in our opinion, capable of great improvement, 

3. That general education in Schools ought to include some training in 
Science is an opinion that has been strongly urged on the following grounds : — 

As providing the best discipline in observation and collection of facts, 
in the combination of inductive with deductive reasoning, and in accu- 
racy both of thought and language. 

Because it is found in practice to remedy some of the defects of the 
ordinary school education. Many boys on whom the ordinary school studies 
produce very slight effect, are stimulated and improved by instruction in 
science ; and it is found to be a most valuable element in the education 
of those who show special aptitude for literary culture. 

Because the methods and results of Science have so profoundly af- 
fected all the philosophical thought of the age, that an educated man is 
under a very great disadvantage if he is unacquainted with them. 

Because very great intellectual pleasure is derived in after life from 
even a moderate acquaintance with Science. 

On grounds of practical utility as materially affecting the present 
position and future progress of civilization. 

This opinion is fully supported by the popular judgment. All who have 
much to do with the parents of boys in the upper classes of life are aware 
that, as a rule, they value education in Science on some or all of the grounds 
above stated. 

4. There are difficulties in the way of introducing Science into schools ; 
and we shall make some remarks on them. They will be found, we believe, 
to be by no means insuperable. 

First among these difficulties is the necessary increase of expense. For 
if science is to be taught, at least one additional master must be appointed ; 
and it will be necessary in some cases to provide him with additional school- 
rooms, and a fund for the purchase of apparatus. It is obvious that the 
money which will be requisite for both the initial and current expenses, must 
in general be obtained by increasing the school fees. This difficulty is a real 
but not a fatal one. In a wealthy country like England, a slight increase in 
the cost of education will not be allowed (in cases where it is unavoidable) 
to stand in the way of what is generally looked on as an important educa- 
tional reform ; and parents will not be unwilling to pay a small additional 
fee if they are satisfied that the instruction in Science is to be made a reality. 

Another ground of hesitation is, the fear that the teaching of Science 
will injure the teaching in classics. But we do not think that there 


* See Appendix A. 
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need be the slightest apprehension that any one of the valuable results 
of a classical education will be diminished by the introduction of Science. 
It is a very general opinion, in which schoolmasters heartily concur, 
that much more knowledge and intellectual vigour might be obtained 
by most boys, during the many years they spend at school, than what 
they do as a matter of fact obtain. It should, we think, be frankly 
acknowledged, and indeed few are found who deny it, that an exclusively 
classical education, however well it may operate -in the case of the very 
few who distinguish themselves in its curriculum, fails deplorably for 
the majority of minds. As a general rule the small proportion of boys 
who leave our schools for the Universities consists undeniably of those who 
have advanced furthest in classical studies, and judging the existing system 
of education by these boys alone, we have to confess that it frequently 
ends in astonishing ignorance. This ignorance, often previously acknow- 
ledged and deplored, has been dwelt on with much emphasis, and brought 
into great prominence by the recent Koyal Commission for Inquiry into 
our Public Schools. We need not fear that we shall do great damage 
by endeavouring to improve a system which has not been found to yield 
satisfactory results. And we believe, further, that the philological abilities 
of the veiy few who succeed in attaining to a satisfactory knowledge of 
classics will be rather stimulated than impeded by a more expansive training. 

Lastly, it may be objected that an undue strain will be put upon the 
mfnds of boys by the introduction of the proposed subjects. We would reply 
that the same objections were made, and in some schools are still made, to 
the introduction of Mathematics and Modern Languages, and are found by 
general experience to have been untenable. A change of studies, invol- 
ving the play of a new set of faculties, often produces a sense of positive 
relief ; and at a time when it is thought necessary to devote to games so 
large a proportion of a boy’s available time, the danger of a general over- 
pressure to the intellectual powers is very small, while any such danger in 
individual cases can always be obviated by special remissions. We do not 
wish to advocate any addition to the hours of work in schools where it is be- 
lieved that they are already as numerous as is desirable ; but in such schools 
some hours a week could still be given up to science, by a curtailment of 
the vastly preponderant time at present devoted to classical studies, and 
especially to Grreck and Latin Composition. 

5. To the selection of the subjects that ought to be included in a pro- 
gramme of scientific instruction in public schools we have given our best 
attention, and we would make the following remarks on the principles by 
which we have been guided in the selection that we shall propose. 

There is an important distinction between scientific information and scien- 
tific training ; in other words, between general literary acquaintance with 
scientific facts, and the knowledge of methods that may be gained by 
studying the facts at first hand under the guidance of a competent teacher. 
Both of these are valuable ; it is very desirable, for example, that boys should 
have some general information about the ordinary phenomena of nature, such 
as the simple facts of Astronomy, of Geology, of Physical Geography, and of 
elementary Physiology. On the other hand, the scientific habit of mind, 
which is the principal benefit resulting from scientific training, and which is 
of incalculable value whatever be the pursuits of after life, can better be at- 
tained by a thorough knowledge of the fiicts and principles of one science, than 
by a general acquaintance with what has been said or written about many* 
Both of these should co-exist, we think, at any school which professes to 
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offer the highest liberal edacation ; and at every school it 'vrill be easy to 
provide at least for giving some scientific information. 

I. The subjects that we recommend for scientific information as distinguished 
from training, should comprehend a general description of the solar system ; 
of the form and physical geography of the earth, and of such natural phe- 
nomena as tides, currents, winds, and the causes that influence climate ; of the 
broad facts of Geology ; of elementary Natural History, with especial reference 
to the useful plants and animals ; and of the rudiments of Physiology. This 
is a kind of information which requires less preparation on the part of the 
teacher ; and its effectiveness will depend on his knowledge, clearness, method, 
and sympathy with his pujiils. Nothing will be gained by circumscribing 
these subjects by any general syllabus; they may safely be left to the dis- 
cretion of the masters who teach them. 

II. And for scientific training we are decidedly of opinion that the 
subjects which have paramount claims, are Experimental Physics, Elementary 
Chemistry, and Botany. 

i. The science of Experimental Physics deals with subjects which come witbm 
the range of every boy’s experience. It embraces the phenomena and laws of 
light, heat, sound, electricity, and magnetism ; the elements of mechanics, and 
the mechanical properties of liquids and gases. The thorough knowledge of 
those subjects includes the practical mastery of the apparatus employed in their 
investigation. The study of experimental physics involves the observation and 
colligation of facts, and the discovery and application of priiicijdcs. It is 
both inductive and deductive. It exercises the attention and the memory, 
but makes both of them subservient to an intellectual discipline higher than 
either. The teacher can so present his facts as to make them sug- 
gest the principles which underlie them, while, once in possession of the 
23rinciplc, the learner may be stimulated to deduce from it results which lie 
beyond the bounds of his exjieiience. The subsc(juent verification of his 
deduction by experiment never fails to excite his interest and awaken his 
delight. The effects obtained in the class-room will be made the key to the 
explanation of natural jjhenomena, — of thunder and lightning, of rain and 
snow, of dew and hoar-frost, of winds and waves, of atmospheric refraction 
and reflexion, of the rainbow and the mirage, of meteorites, of terrestrial 
magnetism, of the pressure and buoyancy of water and of air. Thus the 
knowledge acquired by the study of experimental physics is, of itself, of the 
highest value, while the acquisition of that knowledge brings into healthful 
and vigorous play every faculty of the learner’s mind. Not only are natural 
phenomena made the objects of intelligent observation, but they furnish 
material for thought to wrestle with and to overcome ; the growth of intel- 
lectual strength being the sure concomitant of the enjoyment of intellectual 
victory. We do not entertain a doubt that the competent teacher who loves 
his subject and can sympathize with his pupils, will find in experimental 
physics a store of knowledge of the most fascinating kind, and an instrument 
of mental training of exceeding power. 

ii. Chemistry is remarkable for the comprehensive character of the training 
which it affords. Not only does it exercise the memory and the reasoning 
powers, but it also teaches the student to gather by his own experiments 
and observations the facts upon which to reason. 

It affords a corrective of each of the two extremes against which real 
educators of youth are constantly struggling. Eor on the one hand it leads 
even sluggish or uncultivated minds from simple and interesting observa- 
tions to general ideas and conclusions, and gives them a taste of intellectual 
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enjoyment and a desire for learning. On the other hand, it checks over- 
confidence in mere reasoning, and shows the way in which valid extensions 
of our ideas grow out of a series of more and more rational and accurate ob- 
servations of external nature. 

It must not, however, be supposed that all so-called teaching of chemistry 
produces results of this kind. Young men do occasionally come up to public 
examinations with a literary acquaintance with special facts and even prin- 
ciples of chemistry, sufficient to enable them to describe those facts from 
some one point of view, and to enunciate the principles in fluent language, 
and yet who know nothing of the real meaning of the phrases which they 
have learnt. Such mere literary acquaintance with scientific facts is in 
chemistry an incalculable evil to the student if he be allowed to mistake it 
for science. 

Whether the student is to learn much or little of chemistry his very first 
lessons must be samples of the science. He must see the chief phenomena 
which are described to him ; so that the words of each description may after- 
wards call up in his mind an image of the thing. He must make simple ex- 
periments, and learn to describe accurately what he has done, and what he 
has observed. He must learn to use the knowledge which he has acquired 
before proceeding to the acquisition of more ; and he must rise gradually 
from well-examined facts to general laws and theories. 

Among the commonest non-metaUic elements and their simplest compounds 
the teacher in a school will find abundant scope for his chief exertions. 

iii. Botany has also strong claims to be regarded as a subject for scientific 
training. It has been introduced into the regular school course at Eugby 
(where it is the first branch of Natural Science which is studied) ; 
and the voluntary pursuit of it is encouraged at Harrow and at some other 
schools with satisfactory results. It only requires observation, attention, and 
the acquisition of some new words ; but it also evolves the powers of comparison 
and colligation of facts in a remarkable degree; of all sciences it seems to offer 
the greatest facilities for observation in the fields and gardens ; and to this 
must be added the fact that boys, from their familiarity wdth fruits, trees, 
and flowers, start with a considerable general knowledge of botanical 
facts. It admits therefore preeminently of being taught in the true 
scientific method. The teaching of Science is made really valuable by train- 
ing the learner’s mind to examine into his present knowledge, to arrange and 
criticise it, and to look for additional information. The science must be 
begun where it touches his past experience, and this experience must be 
converted into scientific knowledge. The discretion of the teacher will 
best determine the range of Botany at which it is desirable to aim. 

6. The modes of giving instruction in the subjects which we have re- 
commended are reducible to two. I. A compulsory system of instruction 
may be adopted, similar to that which exists at Rugby, where science has 
now for nearly three years been introduced on precisely the same footing as 
Mathematics and Modern Languages, and is necessarily taught to all boys. 
II. A voluntary system may be encouraged as has been done for many years 
at Harrow, where scientific instruction on such subjects as have been enume- 
rated above is now given in a systematic series of lectures, on which the 
attendance of all boys who are interested in them is entirely optional. 

Of these systems it is impossible not to feel that the compulsory system is 
the most complete and satisfactory. The experience of different schools 
will indicate how it may best be adopted, and what modifications of it may be 
made to suit the different school arrangements. It will often be very desirable to 
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supplement it by the voluntary system, to enable the boys of higher scientiiiv 
ability to study* those parts of the course of Experimental Physics which 
will rarely, if ever, be included in the compulsory school system. Lectures 
may also be occasionally given by some non-resident lecturer with a view of 
stimulating the attention and interest of the boys. We add appendices con- 
taining details of these two systems as worked at Rugby and Harrow and 
we believe that a combination of the two would leave little or nothing to be 
desired. 

The thorough teaching of the Physical Sciences at schools will not, how- 
ever, be possible, unless there is a general improvement in the knowledge of 
Arithmetic. At present many boys of thirteen and fourteen are sent to the 
Public Schools almost totally ignorant of the elements of Arithmetic, and in 
such cases they gain only the most limited and meagre knowledge of 
it ; and the great majority enter ill-taught. It is a serious and lasting 
injury to boys so to neglect Arithmetic in their early education ; it arises 
partly from the desire of the masters of preparatory schools to send up 
their boys fitted to take a good place in the classical school, and from the 
indifference of the public schools themselves to the evil that has resulted. 

7. With a view to the furtherance of this scheme, we make the lollowing 
suggestions : — 

i. That in aU schools Natural Science be one of the subjects to be 
taught, and that in every Public School at least one Natural Science 
master be appointed for the purpose. 

ii. That at least three hours a week be devoted to such scientific instruc- 
tion. 

iii. That Natural Science should be placed on an equal footing with 
Mathematics and Modern Languages in aftecting promotions, and in 
winning honours and prizes. 

iv. That some knowledge of Arithmetic should be required for admission 
into aU Public Schools. 

v. That the Universities and Colleges be invited to assist in the intro- 
duction of scientific education, by making Natui’al Science a subject of exa- 
mination, either at Matriculation, or at an early period of a University 
career. 

vi. That the importance of appointing Lecturers in Science, and offering 
Entrance Scholarships, Exhibitions, and Fellowships for the encourage- 
ment of scientific attainments bo represented to the authorities of the 
Colleges. 

With reference to the last two recommendations, we would observe that, 
without the cooperation of the Universities, Science can never be effectively 
introduced into School education. Although not more than 35 per cent., even 
of the boys at our great Public Schools, proceed to the University, and 
at the majority of schools a still smaller proportion, yet the curriculum of 
a public school course is almost exclusively prepared with reference to the 
requirements of the Universities and the rewards for proficiency that they 
offer. No more decisive proof could be furnished of the fact that the Univer- 
sities and Colleges have it in their power to alter and improve the whole 
higher education of England. 


* See Appendices B and 0. 
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APPEraiX A. 

I. Oxford. 

The Natural Science School at Oxford was established in the year 1853. By 
recent changes the University allows those who have gained a first, second, 
or third class in this school to graduate without passing the classical school, 
provided they have obtained honours, or have passed in three books at least, at 
the second classical examination, viz., moderations (which is usually passed 
in the second year of residence) ; honours in this school are thus placed 
on an equality with classical honours. The first classical examination, ‘ re- 
sponsions,’ is generally passed in the first term of residence. Arithmetic and 
two hooks of Euclid, or algebra up to simple equations, are a necessary 
part of this examination. 

The University olfers ample opportunities for the study of physics, che- 
mistry, physiology, and other branches of natural science. At present only a 
few of the Colleges have lecturers on this subject ; while for classics and mathe- 
matics every College professes to have an adequate staff of teachers. At Christ 
Church, however, a very complete chemical laboratory has been lately opened. 

A junior studentship at Christ Church and a demy ship at Magdalen College, 
tenable for five years, are, by the statutes of those Colleges, awarded annually 
for proficiency in natural science. A scholarship, tenable for three years, 
lately founded by Miss Brackenhury at Balliol College for the promotion 
of the study of Natural Science, will be given away every two years. With 
the exception of Merton College, where a scholarship is to be shortly given 
for proficiency in natural science, no College has hitherto assigned any 
scholarships to natural science. The number of scholarships at the Colleges 
is stated to he about 400, varying in annual value from .£100 to £60. 
With these should he reckoned College exhibitions *, to the number of at least 
220, which range in annual value from £145 to £20, and exhibitions awarded 
at school, many of which are of considerable value. 

The two Burdett-Coutts geological scholarships, tenable for two years, and 
of the annual value of £75, are open to aU members of the University who 
have passed the examination for the B.A degree, and have not exceeded 
the 27th term from their matriculation. Every year a fellowship of £200 a 
year, tenable for three years (half of which time must he spent on the Con- 
tinent) on Dr. EadcliflPe’s foundation, is at present competed for by candidates 
who, having taken a first class in the school of natural science, propose to 
enter the medical profession. 

At Christ Church two of the senior studentships (fellowships) are awarded 
for proficiency in natural science : at the examination for one of these, che- 
mistry is the principal subject, and for the other physiology. 

At Magdalen College it is provided that, for twenty years from the year 
1857, every fifth fellowship is assigned to mathematics and physical science 
alternately. In the statutes of this and of every College in Oxford (except 
Corpus, Exeter, and Lincolnt) the following clause occurs ; — ‘‘ The system of 

* At Magdalen College there will be twenty exhibitions tenable for five years, and of 
the value of £75 a year, to be held by persons in need of support at the University ; in the 
election to these, “ the subjects of examination, for one exhibition at least in each year, shall 
be mathematics and physical science alternately.” * 

t These Colleges exercised the powers of making statutes granted to them by the Oxford 
University Act of 1854, 17 and 18 Vic. cap. 81. In the statutes of Exeter College it is 
provided that, in the election of Fellows, “ preference shall be given to those candidates in 
whom shall be found the highest moral and intellectual qualifications, such intellectual 
qualifications having been tested by an examination in such subjects as the College from time 
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examinations shall always bo such as shall render fellowships accessible, from 
time to time, to excellence in every branch of knowledge for the time being 
recognized in the schools of the University.” This clause, so far as it relates 
to the study of natural science, has been acted on only by Queen’s College 
and at Merton College, where a natural-science fellowship will be filled up 
during the course of the present year. 

At Pembroke College one of the two Sheppard fellows must proceed to the 
degree of Bachelor and Doctor of Medicine in the University. At the late 
election to this fellowship natural science was the principal subject in the 
examination. The number of College fellowships in Oxford is at present 
about 400. 

II. Cambridge. 

It is important to distinguish between the University and the Colleges at 
Cambridge as at Oxford. 

There is a natural-science tripos in which the University examines in the 
whole range of natural sciences, and grants honours precisely in the same 
manner as in classics or mathematics. 

The University also recognizes the natural sciences as an alternative sub- 
ject for the ordinary degree. As the regulations on this point are compara- 
tively recent, it wiU be well to state them here. 

A student who intends to take an ordinary degree without taking honours 
has to pass three examinations during his course of three years, — the first, 
or previous examination, after a year’s residence, in Paley, Latin, Greek, 
Euclid, and arithmetic, and one of the Gospels in Greek ; the second, or gene- 
ral examination, towards the end of his second year, in the Acts of the 
Apostles in Greek, Latin, Greek, Latin prose composition, algebra, and ele- 
mentary mechanics ; and the third, or special examination, at the end of his 
third year, in one of the following five subjects; — 1. Theology; 2. Moral 
Science ; 3. Law ; 4. Natural Science; 5. Mechanism and applied science. 

In the natural-science examination a choice is given of chemistry, geology, 
botany, and zoology. 

There are only five Colleges in Cambridge that take any notice of Natural 
Science; namely, King’s, Cains, Sidney Sussex, St. John’s, and Downing. At 
King’s two exhibitions have been given away partly for proficiency in this 
subject ; but there are no lectures, and it is doubtful whether similar exhi- 
bitions will be given in future. At Cains there is a medical lecturer and 
one scholarship given away annually for Anatomy and Physiology. At 
Sidney Sussex two scholarships annually are given away for mathematics 
and natural science ; and a prize of £20 for scientific knowledge. There is 
also a laboratory for the use of students. At St. John’s there is a chemical 
lecturer and laboratory ; and though at this College there is no sort of exami- 
nation in natural science either for scholarships or fellowships, it is believed 
distinction in the subject may be taken into account in both elections. 
Downing was founded with especial reference to the studies of Law and 
Medicine there is a lecturer here in medicine and natural science, and in 
the scholarship examinations one paper in these subjects ; no scholarship is 
appropriated to them, but they are allowed equal weight with other subjects 

to time shall determine.” In the statutes of Lincoln College the following clause occurs : 

“ Pateat autem sooietas non iis tantum, qui in literis Grsdcis et Latinis se profecisse pro- 
baverint, sed etiam aliarum bonarum artium peritis juvenibus.” imd in the statutes of 
Corpus Christi Collie, “ Quicunque se candidates offerant examinentur in bonis literis et 
scientiis, sicut Praesidenti et sociis videbitur.” 
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ill the choice of candidates. It is helieved that the same principle will 
govern the election to fellowships in this College, though no fellowship has 
yet been given for honours in natural science. We believe that, owing to the 
new University regulations (mentioned above), the authorities of Trinity 
College have determined to appoint a lecturer in natural science ; the matter 
is under deliberation in other Colleges, and it is not improbable that the 
same considerations will induce them to follow this example. 

It must always be remembered that the practice is rare in Cambridge of 
appropriating fellowships and scholarships to special subjects. At present 
public opinion in the University does not reckon scientific distinction as on a 
par with mathematical or classical ; hence the progress of the subject seems 
enclosed in this inevitable circle — the ablest men do not study natural 
science because no rewards are given for it, and no rewards are given for it 
because the ablest men do not study it. But it may be hoped that the dis- 
interested zeal of teachers and learners will rapidly break through this 
circle ; in that case the subject may be placed on a satisfactory footing 
without any express legislative provision. 

III. The University of London. 

At the University of London the claims of science to form a part of every 
liberal education have long been recognized. At the Matriculation Exami- 
nation the student is required to show that he possesses at least a popular 
knowledge of the following subjects : — 

а. In Mechanics : the composition and resolution of forces ; the mechanical 
powers ; a definition of the centre of gravity ; and the general laws of 
motion. 

б. In Hydrostatics, Hydraulics, and Pneumatics : the pressure of liquids 
and gases ; specific gravity ; and the principles of the action of the 
barometer, the siphon, the common pump and forcing-pump, and the 
air-pump. 

c. Ill Acoustics : the nature of sound. 

d. In Optics : the laws of refraction and reflection, and the formation of 
images by simple lenses. 

e. In Chemistry : the plienomena and laws of heat ; the chemistry of the 
non-metallic elements ; general nature of acids, bases, &c. ; constitution 
of the atmosphere ; composition of water, &c. 

At the examination for the degree of B.A. a more extensive knowledge of 
these subjects is required, and the candidate is further examined in the fol- 
lowing branches of science : — 

/. Astronomy ; principal phenomena depending on the motion of the earth 
round the sun, and on its rotation about its own axis ; general description 
of the solar system, and explanation of lunar and solar eclipses. 

g. Animal Physiology : the properties of the elementary animal textures ; 
the principles of animal mechanics ; the processes of digestion, absorption, 
assimilation ; the general plan of circulation in the great divisions of 
the animal kingdom ; the mechanism of respiration ; the structure and 
actions of the nervous system ; and the organs of sense. 

Besides the degree examination there is also an examination for honours 
in mathematics and natural philosophy, in which, of course, a much wider 
range of scientific knowledge is required. ' 

We would venture to remark that, if a similar elementary acquaintance 
with the general principles of sciences were reqii|fed for matriculation at 
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Oxford and Cambridge, it is certain that they would at once become a subject 
of regular teaching in all our great public schools. 

There are also two specially scientific degrees, a Bachelor of Science and 
a Doctor of Science. For the B.Sc. there are two examinations of a general 
but highly scientific character. The degree of D.Sc. can only be obtained 
after the expiration of two years subsequent to taking the degree of B.Sc. 
The candidate is allowed to select one 'principal subject, and to prove his 
thorough practical knowledge thereof, as well as a general acquaintance 
with other subsidiary subjects. 

lY. The College of Peeceptors. 

In the diploma examinations at the College of Preceptors, one branch of 
science, viz. either chemistry, natural history, or physiology, is required as 
a necessary subject for the diploma of Fellow, In the examinations for the 
lower diploma of Associate or L’cenciate some branch of science may be 
taken up by candidates at their own option. The Council recently decided 
to offer a prize of three guineas half-yearly for the candidate who showed 
most proficiency in science, and who at the same time obtained a second 
class in the other subjects. 

In the examinations of pupils of schools, natural philosophy, chemistry, 
and natural history are optional subjects only, and are not required for a 
certificate for the three classes. Two prizes are given to those candidates who 
obtain the highest number of marks in these subjects at the half-yearly 
examinations ; and it is an interesting fact that last year, out of a total of 
651 candidates, 100 brought up natural history, and 86 brought up che- 
mistry as subjects for examination. Two additional prizes were conse- 
quently awarded. 

V. The French Schools. 

In France the Lycees ” correspond most nearly to our Public Schools, and 
for many years science has formed a distinct part of their regular curriculum. 
A strong imjjulse to the introduction of scientific teaching into French schools 
was given by Napoleon I., and since that time we believe that no French 
school has wholly neglected this branch of education. The amount of time 
given to these subjects appears to average two hours in every week. 

The primary education is that which is given to all alike, whatever may be 
their future destination in life, up to the age of eleven or twelve years. 
After this period there is a “ bifurcation ” in the studies of boys. Those 
who are intended for business or for practical professions lay aside Greek and 
Latin, and enter on a course of ‘‘ special secondary instruction.’^ In this 
course mechanics, cosmography, physics, chemistry, zoology, botany, and 
geology occupy a large space ; and the authorized official programmes of these 
studies are very full, and are drawn up with the greatest care. The remarks 
and arguments of the Minister of Public Instruction (Mens. Duruy) and 
others, in the “ Programmes officiels &c. de Penseignement secondaire 
special,” are extremely valuable and suggestive; and we recommend the sylla- 
buses of the various subjects, which have received the sanction of the French 
Government, as likely to afford material assistance to English teachers in 
determining the range and limits of those scientific studies at which, in any 
special system of instruction, they may practically aim. The Enseigne- 
ment secondaire special” might very safely be taken as a model of what 
it is desirable to teach in the modem departments ” which are now attached 
to some of our great schools. 
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The boys who are destined to enter the learned professions continue a 
classical course, in which, however, much less time is devoted to classical com- 
position than is the case in our Public Schools. Nor is science by any means 
neglected in this course, which is intended to cover a period of three years. 
Besides the elementary division’’ there are five great classes in these 
schools, viz., a grammar division, an upper division, a philosophy class, and 
classes for elementary and special mathematics. 

In the grammar division there is systematic instruction on the physical 
geography of the globe. 

In the second class of the upper division the boys begin to be taught the 
elements of zoology, botany, and geology in accordance with the ministerial 
programmes j and in the rhetoric class descriptive cosmography (which seems 
to be nearly* coextensive with the German Erdlmnde) forms the subject of a 
certain number of weekly lessons. 

In the class of philosophy, the young students are initiated into the ele- 
mentary notions of physics (including weight, heat, electricity and magnetism, 
acoustics, and optics) and of chemistry, in which, at this stage, the teaching 
is confined to general conceptions on air, water, oxidation, Combustion, the 
conditions and effects of chemical action, and on the forces which result 
from it.” 

In the classes of elementary and special mathematics this course of scientific 
training is very considerably extended ; and if the authorized programmes con- 
stitute any real measure of the teaching, it is clear that no boy could pass 
through these classes without a far more considerable amount of knowledge 
in the most important branches of science than is at present attainable in any 
English Public School. 

YI. The German Schools. 

In Germany the schools which arc analogous to Public Schools in England 
are the Gymnasia, where boys are prepared for the Universities, and the 
Biirgersdhulen or Eealschulen, which were established for the most part about 
thirty years ago for the purpose of affording a complete education to those 
who go into active life as soon as they leave school. An account of the 
Prussian Gymnasia and Rcalschulen may be seen in the Public-School Com- 
mission Beport, Appendix G ; further information may be obtained in ‘ Das 
hohere Schulwesen in Preussen,’ by Dr. Wiese, pubhshed under the sanction of 
the Minister of Public Instruction in Prussia, and in the programmes issued 
annually by the school authorities throughout Germany*. 

At the Gymnasia natural science is not taught to any great extent. Ac- 
cording to the Prussian official instructions, in the highest class two hours, 
and in the next class one hour, a week are allotted to the study of physics. 
In the lower classes two hours a week are devoted to natural history, i, e. 
botany and zoology. The results of the present training in natural science 
at the Gymnasia are considered by many eminent University professors in 
Germany to be unsatisfactory, owing to the insufficient time allotted to it. 

In the Bealschulen about six hours a week are given to physics and che- 
mistry in the two highest classes, and two or three hours a week to natural 
history in the other classes. In these schools all the classes devote five or 
six hours a week to mathematics, and no Greek is learnt. In Prussia there 
were in 1864 above 100 of these schools. 

* See also fitude sur I’instruction secondaire et sup4rieure en Allomagne, par J. F. 
Minssoti, Paris, 1866. A brief Report addressed to the Minister of Public Instruction in 
France. 
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APPENDIX B. 

On the Natxtkae-Sciencb TEACHiNa at Ettgbt. 

Before the Bummer off 1864 a boy on entering Bugby might signify 
his wish to learn either modem languages or natural science ; the lessons 
wore given at the same time, and therefore excluded one another. If he 
chose natural science he paid an entrance foe of £1 Is., which went to 
an apparatus fund, and £5 5s, annually to the lecturer. Out of the whole 
school, numbering from 450 to 500, about one-tenth generally were in the 
natural science classes. 

The changes proposed by the Commissioners were as follows: — That 
natural science should no longer bo an alternative with modern languages, 
but that all boys should learn some branch of it. That there should be two 
principal branches, — one consisting of chemistry and physics, tho other of 
physiology and natural history, animal and vegetable ; and that the classes 
in natural science should bo entirely independent of tho general dinsions of 
the school, so that boys might be arranged for this study exclusively accord- 
ing to their proficiency in it. 

Since, owing to circumstances which it would be tedious to detail, it was 
impossible to adopt literally the proposals of the Commissioners, a system 
was devised, which must be considered as the system of tho Commissioners 
in spirit, adapted to meet tho exigencies of the case. 

Tho general arrangement is this, — that new boys shall learn botany their 
first year, mechanics their second, geology their third, and chemistry their 
fourth. 

In carrying out this general plan certain difficulties occur, which are met 
by special arrangements depending on the peculiaritic's of the school system. 
Wo need not here enter upon these details, because it would be impossihlo 
to explain them simply, and because any complications which occur in one 
school would differ widely from those which are likely to arise in another. 

Next, as to the nature of tho teaching. 

In botany tho instruction is given partly by" lectures and 'partly from 
Oliver’s Botany. Flowers are dissected and examined by every boy, and 
their parts recognized and compared in different plants, and then named. 
No technical terms are given till a familiarity with the organ to be named 
or described has given rise to their want. The terms which express the 
cohesion and adhesion of the parts are gradually acquired until tho floral 
schedule, so highly recommended by Henslow and Oliver, can bo readily 
worked. Fruit, seed, inflorescence, the forms of leaf, stem, root are then 
treated, the principal facts of vegetable physiology illustrated, and tho prin- 
ciple of classification into natural orders explained, for the arrangement of 
which Bentham’s ‘Handbook of the British Flora’ is used. Contrary to all 
previous expectation, when this subject was first introduced it became at 
once both popular and effective among the boys. 

The lectures are illustrated by Henslow’s nine diagrams, and by a largo 
and excellent collection of paintings and diagrams made by the lecturers and 
their friends, and by botanical collections made for use in lectures. When 
the year’s course is over, such boys as show a special taste are invited to 
take botanical walks with the principal lecturer, to refer to the School Her- 
barium, and are stimulated by j)rizes for advanced knowledge and for dried 
collections, both local and general. 

In mechanics the lecturer is the senior Natural Science Master, Tho 
lectures include experimental investigations into the mechanical powers, with 
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numerous examples worked by tbe boys ; into tbe elements of mecbanism, 
conversion of motion, tbe steam-engine, tbe equilibrium of roofs, bridges, 
strength of material, &c. They are illustrated by a largo collection of 
models, and are very effective and popular lectures. 

Tbe lectures in geology are undertaken by another master. This subject is 
only temporarily introduced, on account of tbe want of another experimental 
school. When this is btiilt the third year’s course wiU be some part of experi- 
mental physics, for which there already exists at Rugby a fair amount of appa- 
ratus. |It is very desirable that boys should obtain some knowledge of geology, 
but it is not so well fitted for school teaching as some of the other subjects on 
several grounds. Perhaps a larger proportion of boys are interested in the 
subject than in any other ; but the subject presupposes more knowledge and 
experience than most boys possess, and their work has a tendency to become 
either superficial, or undigested knowledge derived from books alone. The 
lectures include the easier part of Lyell’s Principles, i, e, the causes of change 
now in operation on the earth ; next, an account of the phenomena observ- 
able in the crust of the earth, stratification and its disturbances, and the 
construction of maps and sections ; and, lastly, the history of the stratified 
rocks and of life on the earth. These lectures are illustrated by a fair geo- 
logical collection, which has been much increased of late, and by a good col- 
lection of diagrams and views to illustrate geological phenomena. 

For chemistry the lecturer has a convenient lecture-room and a small but 
well-fitted laboratory^, and he takes his classes through the non -metallic and 
the metallic elements : the lectures are fully illustrated by experiments. Boys, 
whose parents wish them to study chemistry more completely, can go through 
a complete course of practical analysis in the laboratory, by becoming private 
pupils of the teacher. At present twenty-one boys are studying analysis. 

This being the matter of the teaching, it remains to say a few words on 
the manner. This is nearly the same in all the classes, muiatis mutandis : 
the lecture is given, interspersed with questions, illustrations, and experi- 
ments, and the boys take rough notes, which are recast into an intelligible 
and presentable form in note-books. These arc sent up about once a fort- 
night, looked over, corrected, and returned ; and they form at once the test of 
how far the matter has been understood, the test of the industry, care, and 
attention of the boy, and an excellent subject for their English composition. 

Examination papers are given to the sets every three or four weeks, and 
to these and to the note -books marks are assigned which have weight in the 
promotion from form to form. The marks assigned to each subject are pro- 
portional to the number of hours spent in school on that subject. 

There are school prizes given annually for proficiency in each of the branches 
of natural science above mentioned. 

This leads us, lastly, to speak of the results. 

First, as to the value of the teaching itself ; secondly, as to its effects on 
the other branches of study. 

The experience gained at Rugby seems to point to these conclusions : — That 
botany, structural and classificatory, may be taught with great effect and 
interest a large number of boys, and is the best subject to start with. That 
its exactness of terminology, the necessity of care in examining the flowers, 
and the impossibility of superficial knowledge are its first recommendations; 
and the successive gradations in the generalizations as to the unity of type 
of flowers, and the principles of a natural classification, are of great value to 

* Another and larger laboratory and school for Experimental Physics wiU shortly bo 
built at Rugby. 
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the cleverer boys. The teaching must be based on personal examination 
of flowers, assisted by diagrams, and everything like cram strongly dis- 
couraged. 

Mechanics are found rarely to be done well by those who are not also the 
best mathematicians. But it is a subject which in its applications interest 
many boys, and would be much better done, and would be correspondingly 
more profitable, if the standard of geometry and arithmetic were higher than 
it is. The ignorance of arithmetic which is exhibited by most of the new 
boys of fourteen or fifteen would be very surprising, if it had not long since 
ceased to surprise the only persons who are acquainted with it ; and it forms 
the main hindrance to teaching mechanics. Still, under the circumstances, 
the results arc fairly satisfactory^ 

The geological teaching need not bo discussed at length, as it is temporary, 
at least in the middle school. Its value is more literary than scientific. The 
boys can bring neither mincralogical, nor chemical, nor anatomical know- 
ledge ; nor have they observed enough of rocks to make geological teaching 
sound. The most that they can acquire, and this the majority do acquire, 
is the general outline of the history of the earth and of the agencies by 
which that history has been effected, with a conviction that the subject is 
an extremely interesting one. It supplies them with an object rather than 
with a method. 

Of the value of elementary teaching in chemistry there can be only one 
opinion. It is felt to be a new era in a boy’s mental progress when he has 
realized the laws that regulate chemical combination and sees traces of order 
amid the seeming endless variety. But the number of boys who get real 
hold of chemistry from lectures cdone is small, as might be expected from the 
nature of the subject. 

Of the value of experimental teaching in physics, especially pneumatics, 
heat, acoustics, optics, and electricity, there can be no doubt. Nothing but 
impossibilities would prevent the immediate introduction of each of these 
subjects in turn into the Rugby curriculum. 

Lastly, what are the general results of the introduction of scientific teach- 
ing in the opinion of the body of masters ? In brief it is this, that the school 
as a whole is the better for it, and that the scholarship is not worse. The 
number of boys whoso industry and attention is not caught by any school 
study is decidedly less ; there is more respect for work and for abilities in 
the different fields now open to a boy ; and though pursued often with great 
vigour, and sometimes with great success, by boys distinguished in classics, 
it is not found to interfere with their proficiency in classics, nor are there 
any symptoms of overwork in the school. This is the testimony of classical 
masters, by no means specially favourable to science, who are in a position 
which enables them to judge. To many who would have left Rugby with 
but little knowledge, and little love of knowledge, to show as the results of 
their two or three years in our middle school, the introduction of science 
into our course has been the greatest possible gain : and others who have 
left from the upper part of the school, without hope of distinguishing them- 
selves in classics or mathematics, have adopted science as their study at the 
Universities. It is believed that no master in Rugby School would wish to 
give up natural science and recur to the old curriculum. 
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APPENDIX C. 

On the Teaching of Science at Harrow School. 

From this time forward natural science will be made a regular subject for 
systematic teaching at Harrow, and a natural science master has been 
appointed. 

But for many years before the Eoyal Commission for Inquiry into the 
Public Schools had been appointed, a voluntary system for the encouragement 
of science had been in existence at Harrow. There had been every term 
a voluntary examination on some scientific subject, which, together with the 
text-books recommended, was announced at the end of the previous term. 
Boys from all parts of the school offered themselves as candidates for these 
voluntary examinations, and every boy who acquitted himself to the satisfac- 
tion of the examiners (who were always two of the masters) was rewarded 
with reference to what could be expected from his ago and previous attain- 
ments. The text-books were selected with great care, and every boy really 
interested in his subject could and did seek the private assistance of his tutor 
or of some other master. The deficiencies of the plan, if regarded as a 
stitvte for the more formal teaching of science, were too obvious to need 
pointing out ; yet its results were so far satisfactory that many old Harro- 
vians spoke of it with gratitude, among whom are some who have since de- 
voted themselves to science with distinguished success. 

One of the main defects of this plan (its want of all system) was remedied a 
year ago, when two of the masters drew up a scheme, which was most readily 
adopted, by which any boy staying at Harrow for three years might at least 
have the opportunity during that time of being introduced to the elementary 
conceptions of astronomy, zoologj^, botany, structural and classificatory, che- 
mistry, and physics. These subjects were entrusted to the responsibility of 
eight of the masters, who drew up with great care a syllabus on the subject 
for each term, recommend the best text-books, and give weekly instruction 
(which is perfectly gratuitous) to all the boys who desire to avail themselves 
of it ; indeed a boy may receive, in proportion to the interest which he 
manifests in the subject, almost any amount of assistance which he may care 
to seek. Proficiency in these examinations is rewarded as before ; and to 
encourage steady perseverance, the boys who do best in the examination du- 
ring a course of three terms receive more valuable special rewards. 

As offering to boys a voluntary and informal method of obtaining much 
scientific information this plan (which was originated at Harrow, and has 
not, so far as we are aware, been ever adopted at any other school) offers 
many advantages. It is sufficiently elastic to admit of many modifications ; 
it is sufficiently comprehensive to attract a great diversity of tastes and incli- 
nations ; it cannot be found oppressive, because it rests with each boy to decide 
whether he has the requisite leisure or not ; it can be adopted with ease at 
any school where even a small body of the masters are interested in one or 
other special branch of science ; and it may tend to excite in some minds a 
more spontaneous enthusiasm than could be created by a compulsory plan 
alone. 

Wo would not, however, for a moment recommend the adoption of any such 
plan as a substitute for more regular scientific training. Its chief value is 
’purely supplemental, and henceforth it will be regarded at Harrow as entirely 
subordinate to the formal classes for the teaching of science which will be 
immediately established. 

In addition to this, more than a year ago some of the boys formed them- 
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selves into a voluntary association for the pursuit of science. This Scientific 
Society, which numbers upwards of thirty members, meets every ten days at 
the house and under the presidency of one or other of the masters. Objects 
of scientific interest are exhibited by the members, and papers are read gene- 
rally on some subject connected with natural history. Under the auspices of 
this Society the nucleus of a future museum has already been formed ; and 
among other advantages the Society has had the honour of numbering among 
its visitors more than one eminent representative of literature and science. 
We cannot too highly recommend the encouragement of such associations for 
intellectual self-culture among the boys of our public schools. 


Report of the Kew Committee of the British Association for the 
Advancement of Science for 1866-67. 

The Committee of the Kew Observatory submit to the Council of the British 
Association the following statement of their proceedings during the past 
year : — 

At the Nottingham Meeting it was resolved, That the Kew Committee 
be authorized to discuss and make the necessary arrangements with the Board 
of Trade, should any proposal be made respecting the superintendence, reduc- 
tion, and publication of Meteorological observations, in accordance with the 
recommendations of the Beport of the Committee appointed to consider cer- 
tain questions relating to the Meteorological Department of the Board of 
Trade/’ 

On the 18th of October last, a joint Meeting of the Kew Committee, and 
of the President, Vice-Presidents, and other Officers of the Iloyal Society, took 
place, to take into consideration a communication which had been received 
by the President of the Eoyal Society from the Board of Trade relative to 
the Meteorological Department, and to consider what reply should be sent. 

At this joint Meeting it was recommended that the Department under 
whose care the Meteorological observations, reductions, and tabulations are 
to be made should be under the direction and control of a Superintending 
Scientific Committee, who should (subject to the approval of the Board of 
Trade) have the nomination to all appointments, as well as the power of 
dismissing the usual officials receiving salaries or remuneration. It was also 
understood that while the services of the Committee were to bo gratuitous, 
they would yet necessarily require the services and assistance of a competent 
paid Secretary. 

Finally, the draft of a reply to the above-mentioned communication from 
the Board of Trade was agreed to at this Meeting, for consideration of tho 
Council of the Eoyal Society. 

The Council of the Eoyal Society, on 13th Dec. 18G6, nominated tho following 
Fellows of tho Society as the Superintending Meteorological Committee ; — 
General Sabine, Pres. E.S., Mr. De la Eue, Mr. Francis Galton, Mr. Gassiot, 
Dr. W. A. Miller, Captain Eichards (Hydrographer of tho Admiralty), Colonel 
Smythe, and Mr. Spottiswoode ; and on the 3rd of January this Committee 
appointed Mr. Balfour Stewart as its Secretary, on the understanding that 
ho should, with the concurrence of the Kew Committee of the British Associa- 
tion, retain his present office of Superintendent of the Kew Observatory. 

It was also proposed that Kew Observatory should become the Central 
Observatory, at which all instruments used by or prepared for the several 
observatories or stations coni^eoted with the Meteorological Department should 
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be verified, — the entire expense attendant thereon, or any future expense 
arising through the connexion of the Observatory with the Meteorological 
Department being paid from the funds supplied by the latter, and not in any 
way from money subscribed by the British Association. These proposals 
having been submitted to the Kew Committee, they approved of the Kew 
Observatory being regarded as the Central Observatory of the Meteorological 
Department, and of Mr. Stewart’s holding the office of Secretary to the 
Scientific Committee superintending that Department. 

When the Meteorological Department was placed under the superinten- 
dence of a Scientific Committee, one of the main objects contemplated was 
the establishment of a series of meteorological observatories, working in unison 
with the Kew Observatory, provided with similar self-recording instruments, 
and distributed throughout the country in such a manner that by their means 
the progress of meteorological phenomena over the British Isles might bo re- 
corded with great exactness. 

Bor this purpose it was proposed to have observatories in the following 
places : — 

Kew (Central Observatory). Aberdeen (probably). 

Balmouth. Armagh. 

Btonyhurst. Yalencia. 

Glasgow. 

Such a plan of course involves an additional annual expenditure ; but, the 
appointment of a Committee having been sanctioned in the first instance by 
the Government, and the estimates attendant thereon afterwards by the 
House of Commons, the arrangement may now be regarded as established, 
without involving any additional expense to the British Association, The 
consequence will be a considerable access of work to Kew Observatory, 

and the duties now undertaken by that establishment may, for clearness’ 
sake, be considered under the two following heads ; — 

(A) The work done by Kew Observatory under the Direction of the 

British Association. 

(B) That done at Kew as the Central Observatory of the Meteorological 

Committee. 

This system of division will be adopted in what follows of this Heport. 

(A) Work done by Kew Observatory fxber the Direction op the 
British Association. 

1. Magnetic , — The Self-recording Magnetographs ordered by the Vic- 
toria Government for Mr. Ellery, of Melbourne, have been verified at Kew, 
and dispatched to Melbourne, where they have arrived. They will, it is be- 
lieved, be very shortly in continuous action. 

It was mentioned in the last Eeport that a set of Self-recording Magneto- 
graphs ordered by the Stonyhurst Observatory had been verified at Kew and 
dispatched to their destination. These instruments are now in actidn at 
Stonyhurst, under the direction of the Eev. W. Sidgreaves. 

Mr. Meldrum, of the Mauritius Observatory, who is now in this country, 
has received at Kew instruction in the various processes of that establish- 
ment. His Self-recording Magnetographs have been verified in his presence, 
and they are now in the hands of the optician, who is awaiting Mr. Meldrum’s 
instructions regarding them. 

It is hoped that very soon a considerable number of Magnetographs after 
the Kew pattern will be in continuouB operation at different parts of the 



Ivi EEPORT — 1867. 

world; and as during the next two or three years magnetic disturbances 
may be expected to increase, it will be interesting to institute comparisons 
between the simultaneous records produced by these various instruments. 

The usual monthly absolute determinations of the magnetic elements con- 
tinue to be made by Mr, Whipple, magnetic assistant; and the Self-record- 
ing Magnetographs are in constant operation as heretofore, also under Mr. 
Whipple, who has displayed much care and assiduity in the discharge of his 
duties. 

The photographic department connected with the self-recording instruments 
is under the charge of Mr. Page, who performs his duties very satisfactorily. 

The observations made for the purpose of determining the temperature 
coefficients of the horizontal-force and vertical-force magnetographs have 
been reduced. 

In order to obviate the chance of any break in the continuity of the series 
of absolute magnetic determinations made at Kew which might arise from 
a change of the magnetic assistant, the Superintendent has commenced taking 
quarterly observations of the dip and horizontal force, with the view of cor- 
recting any change in personal equation which might be produced by change 
of assistant. 

The magnetic curves produced at E'ew prc\iously to the month of Ja- 
nuary 1865, have all been measured and reduced under the direction of 
General Sabine, by the staff of his office at Woolwich, and the results of this 
reduction have been communicated by General Sabine to the Iloyal Society 
in a series of interesting and valuable memoirs. It is now proposed that the 
task of tabulating and reducing these curves since the above date be performed 
by the staff at Kew working under the direction of Mr. Stewart. 

2. Meteorological worh . — The meteorological work of the Observatory con- 
tinues in charge of Mr. Baker, who executes his duties very satisfactorily. 

Since the Nottingham Meeting 89 Barometers have been verified ; 608 
Thermometers have likewise been verified, and two Standard Thermometers 
have been constmeted at the Observatory. 

The Self-recording Barograph continues in constant operation, and traces 
in duplicate are obtained, one set of which is regularly forwarded to the 
Meteorological Office. 

A Self-recording Barograph and Thermograph on the new Kew pattern 
about to be made for Mr. Ellery of Melbourne, and a Self-recording Baro- 
graph for Mr. Smalley of Sydney, will be verified at the observatory before 
they are dispatched to their destination. 

The Anemometer is in constant operation as heretofore. 

Dr, R. Coleridge Powles, before he proceeded to Pekin, received meteorolo- 
gical instruction at Kew. 

The well-known apparatus employed for so long a time by Mr. Robert 
Addams for liquefying carbonic acid, has been purchased by Mr. Stewart from 
funds supplied by the Royal Society ; and Mr. Addams has kindly under- 
taken to make a preliminary experiment with his apparatus, as well as to 
give specific instructions regarding it. As the exact thermometric value of the 
freezing-point of mercury has been previously determined by Mr. Stewart, it 
is expected that the apparatus will furnish the means of verifying thermo- 
meters at very low temperatures. 

At the request of the Meteorological Committee, several Aneroids have 
been obtained from the best-known makers of these instruments, and, by 
means of an apparatus constructed by Mr. Beckley for this purpose, they 
have been compared with a standard Barometer at different pressures, being 
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meanwhile tapped so as to imitate as well as possible the tapping by the 
hand which these instruments are usually subjected to previously to the read- 
ings being taken. 

These experiments show that, while Aneroids cannot be considered equal 
in accuracy to standard Barometers, yet the best- constructed Aneroids, within 
certain limits, give reliable results. 

3. Photoheliograph. — The Kew Heliograph, in charge of Mr. Be la Rue, 
continues to bo worked in a satisfactory manner. During the past year 204 
negatives have been taken, on 144 days. Pictures of the Pagoda in Hew 
Gardens are regularly taken by this instrument, in the hope that by this 
means the angular diameter of the Sun may be satisfactorily determined. 
Since the last Meeting of the Association, a second series of solar researches, 
in continuation of the first series, has been published (the expense of print- 
ing having been defrayed by Mr. Be la Ptue), entitled Researches in Solar 
Physics, Second Series, Area Measurements of the Sun-spots observed by 
Mr. Carrington during the seven years 1854-1860 inclusive, and deduc- 
tions therefrom. By Messrs. Be la Rue, Stewart, and Loewy.” 

The Heliographic latitudes and longitudes of all the spots recorded by the 
Kew Photoheliograph during the years 1 802 and 1803 have been calculated, 
and it is hoped that the results may soon be published, forming a third 
series of Solar Researches. It is believed that these results will demon- 
strate the superiority of photographic j)ictures over all other methods of 
observation. 

The sum of ^00 has been obtained from the Government Grant fund of the 
Royal Society, to be applied to the discussion of Hofrath Schwabe’s long and 
valuable series of Sun-spots, at present in the possession of Kew Observatory. 
These pictures are now being examined with this object. 

Sun-spots continued likewise to be numbered after the manner of Hofrath 
Schwabe, and a table exhibiting the monthly groups observed at Bessau and 
at Kew for the year 1806 has already ai)peared in the Monthly Notices of the 
Astronomical Society, vol. xxvii. No. 3. 

4. Apparatus for verifywg Sextants. — The apparatus constructed by 
Mr. Cooke, for verifying Sextants, has for some time been erected at the 
Observatory ; and a description of it has been communicated by Mr. Stewart 
to the Royal Society, and published in their ‘ Proceedings,’ vol. xvi, p. 2. 

Seven Sextants have been verified during the past year. 

5. Miscellaneous ivorJc. — The preliminary observations with Captain Kater’s 
pendulum, alluded to in last year’s Report, have been made ; but the reduc- 
tions are not yet quite finished. 

An account of certain experiments on the heating of a disk by rapid rota- 
tion in vacuo has been communicated to the Royal Society by Mr. Stewart 
in conjunction with Professor Tait, and has been published in the ‘Pro- 
ceedings ’ of that body. 

The instrument devised by Mr. Broun for the purpose of estimating the 
magnetic dip by means of soft iron, remains at present at the Observatory, 
awaiting Mr. Broun’s return to England. 

During the past year two standard yards for opticians have been compared 
with the Kew standard. 

Several instruments, chiefly magnetic, have been sent to Kew by General 
Sabine from his ofiice at Woolwich. 

The Superintendent has received grants from the Royal Society for special 
experiments ; and when these are completed an account will be rendered to 
that Society. 
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(B) WOKK DOI^E AT KeW AS THE CeNTTRAI. ObSEBVATOEY OP THE 
Meteoeologicae Committee. 

Mr. Stewart, as Director of the Central Meteorological Observatory, having 
been caUed upon to arrange the self-recording instruments required by the 
Meteorological Committee, has obtained the cooperation of Mr. Bockley, me- 
chanical assistant at Kew, from whom he has derived very great aid, and in 
conjunction with him has arranged the Self-recording Thermograph and 
Barograph which have been adopted by the Meteorological Committee. 

The following are the chief characteristics of these instruments ; — 

Thermograjplu — In this instrument an air-speck, formed by a break in the 
mercurial column of a thermometer, allows the light of a gas -lamp to pass 
through it, yielding an image that is obtained on a revolving cylinder covered 
with photographic paper. 

As the cylinder revolves once in forty-eight hours, and as the thermometric 
column rises and falls, these motion^ delineate a curve, by means of which 
the temperature of the thermometer is denoted from moment to moment. 
There would bo but one curve if there were only one thermometer; in 
practice there are two, the dry and wet bulb, the object of the first being 
to register the temperature of the air, and of the second to register that 
of evaporation. In this Thermograph the simultaneous records of these two 
thermometers are obtained, the one under the other, on the same sheet of 
paper. We have thus an under curve denoting the readings of the wet-bulb 
thermometer, and a curve above it denoting those of the dry-bulb thermo- 
meter. 

An arrangement connected with the clock of this instrument has been 
proposed and executed by Mr. Beckley, by means of which the light is cut 
off from the sensitive paper for four minutes eveiy two hours. A small 
break is thus produced every two hours on each curve, by means of which 
the time of any phenomenon may be easily ascertained. By drawing lines 
through the simultaneous breaks of the wet and dry-bulb curves, a scries 
of lines is obtained perpendicular to the direction of motion of the cylinder, 
which serves the purposes of a zero-line. Lastly, a Kew Standard Ther- 
mometer, similar in size and figure to those of the Thermograph, and placed 
between them (outside the house), is used as the standard of reference, and, 
as such, is read (by eye) five or six times a day. By this means an independent 
detormiaation of the temperature of the air may be obtained from time to 
time. 

The Thermograph has been for some time ready to commence continuous 
registtation. Hitherto this has been delayed with the view of making ex- 
periments designed to improve the W/Orking of the instrument, because up to 
the present time these improvements could be easily adapted to the other 
instruments in course of construction. It is intended to commence the regular 
working of the instrument before the beginning of September. 

Barograph , — The arrangement for cutting off the light every two hours, and 
the precaution of comparing the observations with those of a standard instru- 
ment, read five or six times a day, will be introduced in the Barograph as 
well as in the Thermograph. The correction of the Barograph for tempe- 
rature is the only thing to which it is necessary to allude. Here the curve 
denotes an uncorrected Barometer : the zero-line is not a straight line, but 
is formed by the interception of the light from the cylinder by a stop which, 
by means of a lever arrangement, rises and falls with temperature as much 
as the barometric column rises and falls from the same cause ; that is to 
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say, in order to find the true height of the barometer, we measure between 
the zero-line and the line denoting the top of the uncorrected column, since, 
when the top of the column rises or Ms through temperature, the zero- 
line rises or falls just as much. This mode of correction, although sufficient 
for most purposes, cannot yet be absolutely perfect ; a little reflection will, 
however, show that the curved zero-line may not only bo used as the 
means of correcting the readings of the instrument, but also as giving the actual 
temperature of the mercurial column from moment to moment, so that the 
true temperature- correction may "with very little trouble be obtained and 
applied, 

A comparison of the curves of the old Kew Barograph at present in 
operation, with those of the Oxford Barograph, has shown that there is 
probably a slight adhesion of the mercury to the sides of the tube of the 
former instrument ; moreover the instrument is not in all respects the same 
as those about to be supplied to the other observatories. It has therefore 
been resolved that one of the new instruments shall be substituted for it. 

Anemometer , — This instrument is a modification of Dr. Bobinson’s. Its 
time-scale corresponds in length with those of the Thermograph and Baro- 
graph, — the object of having all the time-scales of the same length being to 
obtain the means of accurately placing the simultaneous records of the 
different instruments, one under the other, on the same sheet of paper. The 
present Anemometer will have to be altered, as it is not self-recording for 
direction ; and it is then intended to support it above the moveable dome of 
the Observatory so as to be independent of it. 

In order to fit the Observatory for the purposes of the l^rcteorological 
Committee, one of the outhouses, at present only occasionally used for the veri- 
fication of Magnetographs, has been altered so as to make it also available for 
the verification of meteorological self-recording instruments ; this, together 
with the addition of a small brick building outside, will be sufficient for the 
purposes of the Meteorological Committee. When this building is completed 
it will receive all the moveable iron at present in the Observatory; this 
arrangement will at the same time set free the present workshop, additional 
room being required for the increasing work of the Observatory. 

J. P. Gassiot, Chairman, 

Kew Observatoiy, 22nd August 1867. 


'Report of the Parliamentary Committee to the Meeting of the British 
Association at Dundee, September 1867. 

The Parliamentary Committee have the honour to report as follows : — 
Your Committee have to express their regret that the Public Schools Bill 
has again failed to obtain the sanction of the Legislature ; but it is a subject 
for congratulation that the discussions in Parliament and elsewhere, which 
have followed its introduction, have already borne fruit. The attention of 
the public appears to have been awakened to the necessity for introducing 
scientific teaching into our Schools, if we are not willing to sink into a con- 
dition of inferiority as regards both intellectual culture and skill in art when 
compared with foreign nations. The voluntary efforts of the Masters of two 
of our great schools to add instruction in Natural Science to the ordinary 
Classical course are deserving of all praise ; and some evidence of their sue- 
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cess may be derived from the interesting fact, disclosed in the able Eeport 
of the Committee appointed by the Council of the Association tp consider this 
subject, that some of the boys at Harrow have formed themselves into a 
voluntary Association for the pursuit of Science. 

Your Committee have communicated to the Lord Chancellor the Eeports of 
the Committee on Scientific Evidence in Courts of Law ; and his Lordship 
has promised to consider the subject during the recess. 

The Chairman of your Committee has also lately been in communication 
with the President of the Board of Trade, with the object of prevailing 
on the Government to amend the unsatisfactory provisions now in force, 
under the authority of the Merchant Shipping Act, for securing the proper 
adjustment of the Compasses of the iron-built ships of the Mercantile Marine. 

This measure was strongly and ably advocated by the President and 
Council of the Eoyal Society, in a correspondence which passed between 
them and the Board of Trade in 1865, but hitherto without success. 

Wrottesley, Chairman, 

31st August, 1867. 


Eecommendations adopted by the General Committee at the Dundee 
Meeting in September 1867. 

[When Committees are appointed, the Member first named is regarded as the Secretary, 
except there is a specific nomination.] 

Involving Grants of Money, 

That the sum of ^600 be placed at the disposal of the Council for main- 
taining the Establishment of the Kew Observatory. 

That the Lunar Committee be reappointed, and consist of Mr. J. Glaisher, 
Lord Eosse, Lord Wrottesley, Sir J. Herschel, Bart., Professor Phillips, Eev. 
C. Pritchard, Mr. W. Huggins, Mr. W. De la Euc, Mr. C. Brooke, Eev. T. W. 
Webb, Mr. J. N. Lockyer, and Mr. W. E. Birt ; and that the sum of .£120 
be placed at their disposal. 

That Dr. Joule, Sir W. Thomson, Professor Tait, Mr. Balfour Stewart, and 
Professor G. C. Poster be a Committee for the purpose of executing a re- 
measurement of the Dynamical Equivalent of Heat ; that Professor Poster 
be the Secretary, and that the sum of £50 bo placed at their disposal for tho 
purpose. 

That the Committee for reporting on the EainfaU of the British Isles, con- 
sisting of Mr. Glaisher, Lord Wrottesley, Professor Phillips, Mr. G. J. Symons, 
Mr. J. P. Bateman, Mr. E. W. Mylne, and Mr. T. Hawksley, be reappointed ; 
that Mr. G. J. Symons be the Secretary, and that the sum of £50 be placed 
at their disposal. 

That the Balloon Committee, consisting of Colonel Sykes, Mr. Airy, 
Lord Wrottesley, Sir David Brewster, Sir J. Herschel, Bart., Dr. Eobinson, 
Mr. Pairbairn, Dr. Tyndall, Dr. W. A, Miller, and Mr. Glaisher, be reap- 
pointed for the purpose of ascents, and a further reduction of the observa- 
tions ; and that £50 (remaining undrawn from the last grant) be placed at 
their disposal. 

That a Committee, consisting of Sir W. Thomson, the Astronomer Eoyal, 
the Presidents of the Eoyal and Astronomical Societies, Lord Wrottesley, 
Mr. W. De la Eue, Professor Stokes, Professor Adams, Professor Price, Pro- 



Ixii 


ebport~1867. 


feasor Fiiller, Professor Kelland, Professor Pankine, Professor Fischer, Mr. 
Gassiot, Dr. Robinson, Mr. J. F. Bateman, Mr. J. Oldham, Mr. W. Parkes, 
Mr. T. Webster, Mr. W. Sissons, Admiral Sir Edward Beloher, K.C.B., and 
Mr. J. F. Isolin (with power to add to their number), be appointed for the 
purpose of promoting the extension, improvement, and harmonic analysis of 
Tidal Observations ; that Professor Fuller and Mr. J . F. Iselin be the Secre- 
taries, and that the sum of £100 be placed at their disposal for the purpose. 

That Sir William Thomson, Dr. Everett, Sir Charles Lyell, Bart., Prin- 
cipal Forbes, Mr. J. Clerk Maxwell, Professor Phillips, Mr. G. J, Symons, Mr. 
Balfour Stewart, Professor Ramsay, Mr. Geikie, Mr. Glaisher, Rev. Dr. 
Graham, Mr. E. W. Binney, Mr. George Maw, and Mr. Pengelly be a Com- 
mittee for the purpose of investigating the rate of increase of Underground 
Temperature downwards in various localities of dry land and under water ; 
that Dr. Everett be tho Secretary, and that the sum of £50 be placed at 
their disposal for the purpose. 

That the Committee on Luminous Meteors and Aerolites, consisting of 
Mr. Glaisher, Mr. R. P. Greg, Mr. E. W. Brayley, Mr. Alexander Herschel, 
and Mr. C. Brooke, be reappointed; that Mr. Herschel bo tho Secretary, 
and that tho sum of £50 be placed at their disposal for the purpose. 

That Dr. Anderson and Mr. Catton be a Committee for the purpose of 
prosecuting the researches of Mr. Catton on the Synthesis of Organic Acids ; 
and that the sum of £60 be placed at their disposal for the purpose. 

That Sir Charles Lyell, Bart., Professor Phillips, Sir John Lubbock, Bart., 
Mr. John Evans, Mr. Edward Vivian, Mr. William Pengelly, and Mr. George 
Busk be a Committee for the purpose of continuing the exploration of Kent’s 
Cavern, Torquay ; that Mr. Pengelly bo the Secretary, and that the sum of 
£150 be placed at their disposal for tho purpose. 

That Mr. W. S. Mitchell, Mr. Robert Etheridge, Professor J. Morris, and 
Mr. G. Maw be a Committee for the purpose of investigating the Leaf-beds of 
the Lower Bagshot Series of the Hampshire Basin ; that Mr. Mitchell be the 
Secretary, and that the sum of £50 bo placed at their disposal for tho pur- 
pose. 

That Dr. P. M, Duncan and Mr. Henry Woodward be requested to Report 
on the British Fossil Corals ; and that tho sum of £50 bo placed at thoir 
disposal for the purpose. 

That Mr. C. Moore, the Rev. L. Jenyns, and the Rev. H. H, Winwood be 
a Committee for tho purpose of investigating the veins containing Organic 
Remains which occur in the Mountain Limestone of the Mendips and else- 
where ; that Mr. Moore be the Secretary ; that the sum of £40 be placed at 
their disposal for the purpose, and that the objects of interest found shall be 
disposed in a manner satisfactory to the Council of the Association. 

Dr. Bryce, Sir W. Thomson, Mr, D. Milne-Home, and Mr. Macfarlane bo 
requested to resume the researches on Scottish Earthquakes; that Dr. Bryce 
be the Secretary, and that the sum of £35 be placed at their disposal for tho 
purpose. 

That Mr. Henry Woodward, Professor Phillips, and Mr. C. Spence Bate 
be a Committee for tho purpose of continuing their investigations on the Fossil 
Crustacea ; and that the sum of £25 be placed at their disposal for tho 
puimose. 

That Professor Phillips, Professor Huxley, and Mr. H. G. Seeley be a 
Committee for the purpose of drawing up a Report on the present state of 
our knowledge of Secondary Reptiles, Pterodactyles, and Birds ; and that 
the sum of £60 be placed at their disposal for the purpose, 
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That Mr. Gwyn Jeffreys, Mr. E. M®Andrew, the Eer. A. Merle Norman, Mr. 
E. Walker, Dr. W. C. McIntosh, and Mr. E. Eay Lankester be a Committee 
for the purpose of continuing the investigation of the British Marine Inverte- 
brate Fauna by means of the dredge ; that Mr. Gwyn Jeffreys be the Secre- 
tary, and that the sum of .£100 be placed at their disposal for the purpose. 

That Sir John Lubbock, Bart., Mr. II. T. Stainton, and the Eev. H. B. 
Tristram be a Committee for the purpose of preparing a record of the pro- 
gi’ess of Zoology in the year 1867 ; that Sir John Lubbock be the Secretary, 
and that the sum of £100 be placed at their disposal for the purpose. 

That Mr. C. Spence Bate, Mr. Couch, Sir John Lubbock, Bart., Mr. Gwyn 
Jeffreys, and Mr. Cornish be a Committee for the purpose of exploring the 
Fauna of the south coast of Devon and Cornwall ; that Mr. C. Spence Bate 
be the Secretary, and that the sum of £30 be placed at their disposal for 
the purpose. 

That Mr. G. Busk and Mr. W. Carruthers be a Committee for the purpose 
of carrying on investigations on Fossil Flora ; that Mr. Carruthers be the 
Secretary, and that the sum of £25 be placed at their disposal for the pur- 
pose. 

That Mr. E. Eay Lankester, Mr. Charles Stewart, and Dr. Arthur Gamgee 
be a Committee for the purpose of investigating Animal Substances with the 
Spectroscope ; that Mr. E. Eay Lankester be the Secretary, and that the sum 
of £15 be placed at their disposal for the purpose. 

That Dr. Bennett, Dr. Christison, Dr. Eogers, Dr. Arthur Gamgee, Dr. W. 
Eutherford, and Dr. Frazer be a Committee for the purpose of carrying on 
investigations to determine the action of Mercury on the Secretion of Bile j 
that Dr. Bennett be the Secretary, and that the sum of £25 be placed at their 
disposal for the purpose. 

That Dr. B. W. Eichardson, Professor Humphry, and Dr. Sharpey be a 
Committee for the purpose of continuing the investigations on the physiolo- 
gical action of the Methyl Scries and allied organic compounds; and that 
the sum of £25 be placed at their disposal for tho purpose. 

That Sir E. I. Murchison, Bart., Dr. J. D. Hooker, Captain Sherard 
Osborn, and Mr. C. E. Markham be a Committee for the purpose of pro- 
moting the exploration of the interior of Greenland, now in prosecution by 
Mr. Edward ^^ymper ; that Mr. C. E. Markham be the Secretary, and that 
the sum of £100 be placed at their disposal for the purpose. 

That the Metric Committee be reappointed for the purpose of dilfrising 
knowledge of tho relations amongst systems of Moneys, Weights, and Mea- 
sures, such Committee to consist of Sir John Bowring, The Eight Hon. C. B. 
Adderley, M.P., Mr. Samuel Brown, Mr. W. Ewart, M.P., Capel H. Berger, 
Dr. Farr, Mr. Frank P. Fellows, Professor Frankland, Professor Hennessy, 
Mr. James Heywood, Sir Eobert Fane, Professor Leone Levi, Professor W. A. 
Miller, Professor Eankine, Mr. C. W. Siemens, Colonel Sykes, M.P., Professor 
A. W. Williamson, Lord Wrottesley, Mr. James Yates, Dr. George Glover, 
Mr. Joseph Whitworth, Mr. J. E. Napier, Mr. H. Dircks, Mr. J. V. N. 
Bazalgette, Mr. W. Smith, Mr. W. Fairbairn, and Mr. John Eobinson ; that 
Professor Leone Levi be tho Secretary, and that the sum of £50 bo placed 
at their disposal for the purpose. 

That the Committee, consisting of Mr. J. Scott Eussell, Mr. T. Hawksley, 
Mr. J. E. Napier, Mr. William Fairbairn, and Professor W. J. M. Eankine, 
to analyze and condense the information contained in the Eeports of the 

Steam-ship Performance ’’ Committee and other sources of information on 
the same subject, with power to employ paid calculators or assistants, if ne- 
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cessary, be reappointed ; and that the sum of ^100 be placed at tbeir dis- 
posal for the purpose. 

That the Committee, consisting of Mr. W. Fairbaim and Mr. Tait, for con- 
tinuing experiments with a view to test the improvements in the manufac- 
ture of Iron and Steel, be reappointed ; and that the sum of £100 be placed 
at their disposal for the purpose. 

Applications for Reports and Researches not involving Grants 

of Mone7j, 

That the Committee on Electrical Standards, consisting of Professor 
‘Williamson, Professor Wlieatstone, Professor Sir W. Thomson, Professor W. 
A. Miller, Dr. A. Mattliicssen, Mr. Fleemiiig Jenkin, Sir Charles Bright, 
Mr. J. Clerk Maxwell, Mr. C. W. Siemens, Mr. Balfour Stewart, Dr. Joule, Mr. 
C. F. Varley, Mr. G. C. Foster, and Mr. C. Hockin, be reappointed; and 
that Mr. Fleeming Jenkin be the Secretary. 

That Professor Stokes be requested to continue his Eesearches on Physical 
Optics. 

That Mr. E. J. Lowe, Mr. Glaisher, Dr. IMoffat, Mr. C. Brooke, Dr. Andrews, 
and Dr. B. Ward Eichardaon be a Committee for the purpose of promoting 
accurate Meteorological Observations of Ozone ; and that Mr. Lowe be the 
Secretary. 

That Dr. Tyndall, Dr. Lyon Playfair, Dr. Odling, Ecv. C. Pritchard, Pro- 
fessor KeUand, Professor W. A. Miller, and Professor Foster be a Committee 
for the purpose of inquiring into the present methods of teaching the elements 
of Dynamics, Experimental Physics, and Chemistry in schools of various 
classes, and of suggesting the best means of promoting this object in accord- 
ance with the Eecommendations of the Eeport of the Committee appointed 
by the Council ; and that Professor Foster and Dr. Odling be the Secretaries. 

That Dr. Matthiessen be requested to continue his researches on the 
Chemical Constitution of Cast Iron. 

That Mr. Thomas Fairley be requested to continue his researches on 
Polycyanides of the Organic Eadicals. 

That the Committee on Scientific Evidence in Courts of Law, consisting of 
the Eev. W. Y. Harcourt, Professor WiUiamson, The Eight. Hon. J. Napier, 
Mr. W. Tite, Professor Chris tison. Dr. Tyndall, Mr. James Hey wood, Mr. 
J. F. Bateman, Mr. Thomas Webster, Sir Benjamin Brodie, Bart., and Pro- 
fessor W. A. Miller (with power to add to their number), be reappointed ; 
and that Professor ‘Williamson be the Secretary. 

That the Patent Law Committee be reappointed, such Committee to con- 
sist of Mr. Thomas Webster, Q.C., Sir W. G. Armstrong, Mr. J. F. Bateman, 
Mr. W. Fairbaim, Mr. John Hawkshaw, Mr. J. Scott Eussell, Mr. H. Dircks, 
Mr. J. Y. N. Bazalgette, Professor Eankine, and Mr. P. Le Neve Foster, 
with power to add to their number. 

That a Committee, consisting of the Duke of Buccleuch, the Eev. Patrick 
Bell, Mr. David Greig, Mr. J. Oldham, Professor Eankine, Mr. William Smith, 
Mr. Harold Littledale, The Earl of Caithness, and Mr. Eobert Ncilson, bo 
appointed to prepare a Eeport on Agricultural Macliinery ; and that Messrs. 
J. P. Smith and P. Le Neve Foster be the Secretaries. 

That a Committee, consisting of Admiral Sir Edward Belcher, Mr. J. 
Oldham, Mr. J. E. Napier, Mr. George Fawcus, Mr. William Smith, and Mr. 
J. Sissons, be appointed to Eeport on the Eegulations affecting the safety of 
Merchant Ships and their Passengers. 
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Involving Application to Government, 

That the President of the Association he requested to communicate the 
Beport of the Committee appointed by the Council to consider the best means 
for promoting Scientific Education in Schools, to the President of the Privy 
Council and to the Parliamentary Committee on the part of the Association ; 
and that the General Officers be authorized to take steps to give publicity to 
the Beport. 

That Sir Bartle Erere, Sir Arthur Phayre, Colonel E. Strachey, Colonel 
Yule, Sir Proby Cautley, Mr. W. Spottiswoode, Dr. J. D. Hooker, and Sir 
John Lubbock bo a Committee for the purpose of representing to the Secre- 
tary of State for India the great and urgent importance of adopting active 
measures to obtain reports on the physical form, manners, customs, &c. of 
the indigenous population of India, and especially of those tribes which are 
still in the habit of erecting Megalithic monuments ; and that Dr. J. D, 
Hooker bo the Secretary. 

That General Sir Andrevr S. Waugh, Sir Arthur Phayre, General G. 
Balfour, General Sir Vincent Eyre, Captain Sherard Osborn, Mr. George 
Campbell, and Dr. Thomas Thomson be a Committee for the purpose of 
waiting on the Secretary of State for India to represent the desirability of 
an exploration being made of the district between the Burhampooter, the 
Upper Irrawaddy, and the Yang-tze-Kiang, with a view to a route being 
established between the navigable parts of these rivers; and that Dr. 
Thomas Thomson be the Secretary. 

That Sir Boderick Murchison, Bart., Admiral Erasmus Ommanney, Ad- 
miral Collinson, Admiral Sir E. Belcher, Captain Sherard Osborn, Captain 
Allen Young, and Mr. C. B. Markham be a Committee for the purpose of 
representing to Her Majesty^s Government the desirability of their under- 
taking an exploration of the area around the North Pole; and that Mr. C. 
B. Markham be the Secretary. 

Communications to be printed in extenso in the Annual Report of 
the Association, 

That Mr. C. Meldrum^s paper, On the Meteorology of the Mauritius,’^ be 
printed in eoctenso among the Beports. 

That Mr. I. Lowthian Bells paper, On the present state of the Manu- 
facture of Iron in Britain, and its position as compared with that of some 
other countries,” be printed in full in the Beport of the Association. 

That Mr. Mitchell’s paper^ On the Highland Bailways,” be printed at 
length amongst the Beports. 


Besolvod that Besolutions : — 

(1) Belating to the continuation of Storm Signals, 

(2) The introduction of the knowledge of the Metric System into Govern- 

ment Schools, 

(3) Natural-History Collections in the British Museum, 

(4) The pollution of rivers, and the preservation of Salmon Fisheries, 

be referred to the Council of the Association. 

1867. 
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Synopsis of Grants of Money appropriated to Scientific Purposes by 
the General Committee at the Dundee Meeting in September 1867. 
The names of the Members who would be entitled to call on the 
General Treasurer for the respective Grants are prefixed. 


Kew Observatory. 

Maintaining the Establishment of Kow Observatory 600 0 0 

Mathematics and Physics. 

^Glaisher, Mr. — Lunar Committee 120 0 0 

Joule, Dr. — Kemeasurement of the Dynamical Equivalent of 

Heat BO 0 0 

♦Glaisher, Mr. — British Rainfall 60 0 0 

♦Sykes, Colonel. — Balloon Committee (renewed) 50 0 0 

Thomson, Professor Sir W , — ^Tidal Observations 100 0 0 

Thomson, Professor Sir W. — Underground Temperature .... 50 0 0 

♦Glaisher, Mr. — Luminous Meteors 50 0 0 

Chemistry., 

♦Anderson, Dr. — Synthesis of Organic Acids 60 0 0 

Geology, 

♦Lyell, Sir C., Bart. — Kent’s Cavern Investigation 150 0 0 

Mitchell, Mr. W. S. — Leaf-beds of the Lower Bagshot series . . 50 0 0 

Duncan, Dr. P. M. — British Fossil Corals 50 0 0 

Moore, Mr. C. — Veins containing Organic Remains in the 

Mountain Limestone 40 0 0 

Bryce, Dr. — Scottish Earthquakes 35 0 0 

♦Woodward, Mr. H. — Fossil Crustacea (renewed) 25 0 0 

♦Phillips, Professor. — Secondary Reptiles, Pterodactyles, and 

Birds 50 0 0 

Biology. 

Jeffreys, Mr. J. Gwyn. — British Marine Invertebrate Fauna . . 100 0 0 

Lubbock, Sir J., Bart. — The Record of the Progress of Zoology 100 0 0 

Bate, Mr. C. Spence. — Fauna of the South Coast of Devon 

and Cornwall 30 0 0 

Busk, Mr. G. — Fossil Flora 25 0 0 

Lankester, Mr. E. Ray. — Investigation of Animal Substances 

with the Spectroscope 15 0 0 

Bennett, Dr. — Action of Mercury on the Secretion of Bile . . 25 0 0 

♦Richard^n, Dr. — Physiological Action of the Methyl Series . . 25 0 0 

Geography and Ethnology, 

Murchison, Sir R. I., Bart. — Greenland Exploration 100 0 0 

Statistics and Economic Science, 

♦Bowring, Sir J. — Metrical Committee 50 0 0 

Mechanics, 

♦Russell, Mr. J. Sooti — ^Analysis of Reports on Steam-ship 

Performance 100 0 0 

♦Fairbaim, Mr. W. — Manufacture of Iron and Steel 100 0 0 

Total 2200 0 0 


* Reappointed. 



GENERAL STATEMENT. 


General Statement of Sums which have been paid on Account of Grants 
for Scientific Purposes. 


£ 8. d. 

1834. 

Tide Digcussions 20 0 0 

1835. 

Tide Discussions 62 0 0 

British Fossil Ichthyology 105 0 0 

dEl67 0 0 


1836. 

Tide Discussions 163 0 0 

British Fossil Ichthyology 105 0 0 

Thermometric Observations, &c. 50 0 0 

Experiments on long-continued 

Heat 17 1 0 

Rain-Gauges 9 13 0 

Refraction Experiments ......... 15 0 0 

Lunar Nutation 60 0 0 

Thermometers 15 6 0 

'1E434 14 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subteiranean 

Temperature 89 5 0 

Vitrification Experiments 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers 11 18 6 

~£91H 14 6 


1838. 

Tide Discussions 29 0 0 

British Fossil Fishes 100 0 0 

Meteorological Observations and 

Anemometer (construction) ... 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Substances 

(Preservation of) 19 1 10 

Railway Constants 41 12 10 

Bristol Tides 50 0 0 

Growth of Plants 75 0 0 

Mud in Rivers 3 6 6 

Education Committee 50 0 0 

Heart Experiments 5 3 0 

Land and Sea Level 267 8 7 

Subterranean Temperature 8 6 0 

Steam-vessels.....*.. 100 0 0 

Meteorological Committee 31 9 5 

Thermometers 16 4 0 

‘ 12 2 


1839. 

Fossil Ichthyology......,.....*..... 110 0 0 

Meteorological Observations at 
Plymouth ....... ................. 63 10 0 

Mechanism of Waves ............ 144 2 0 

Bristol Tides 35 IS 6 


£ 8. d. 

Meteorology and Subterranean 


Temperature 21 11 0 

Vitrification Experiments 9 4 7 

Cast Iron Experiments 100 0 0 

Railway Constants 28 7 2 

Land and Sea Level 274 1 4 

Steam- vessels* Engines 100 0 0 

Stars in Histoire Celeste 331 18 6 

Stars in Lacaille 11 0 0 

Stars in R.A.S. Catalogue 6 16 6 

Animal Secretions 10 10 0 

Steam-engines in Cornwall 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 40 0 0 

Heat on Organic Bodies 3 0 0 

Gases on Solar Spectrum 22 0 0 

Hourly Meteorological Observa- 
tions, Inverness and Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 

^159511 0 


1840. 

Biistol Tides 100 0 0 

Subterranean Temperature 13 13 6 

Heart Experiments 18 19 0 

Lungs Experiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars (Histoire Celeste) 242 10 0 

Stars (Lacaille) 4 15 0 

Stars (Catalogue) 264 0 0 

Atmospheric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations 52 17 6 

Foreign Scientific Memoirs 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

Chemical and Electrical Pheno- 
mena 40 0 0 

Meteorological Observations at 

Plymouth 80 0 0 

Magnelical Observations 185 13 9 

£ 15 ^ 1!L ^ 

1841. 

Observations on Waves 30 0 0 

Meteorology and Subterranean 

Temperature 8 8 0 

Actinometers....... 10 0 0 

Earthquake Shocks 17 7 0 

Acrid Poisons... 6 0 0 

Veins and Absorbents 3 0 0 

Mud in Rivers 5 0 0 

Marine Zoology 15 12 8 

Skeleton Maps 20 0 0 

Mountain Barometers 6 18 6 

Stars (Histoire Cdleste). 185 0 0 
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£ 8, d. 

Stars (Lacaille) 79 5 0 

Stars (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations at 

Inverness 20 0 0 

Meteorological Observations (re- 
duction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs 62 0 0 

Railway Sections 38 1 6 

Forms of Vessels 193 12 0 

Meteorological Obseivations at 

Plymouth 55 0 0 

Magneiical Observations 61 18 8 

Fishes of the Old Red Sandstone 100 0 0 

Tides at Leith 50 0 0 

Anemometer at Edinbuigh ...... 69 1 10 

Tabulating Observations 9 6 3 

Races of Men 5 0 0 

Radiate Animals 2 0 0 

l£1235~l¥“Tl 


1842. 

Dynamometric Instruments 113 11 2 

Anoplura Britanniae 52 12 0 

Tides at Bristol 59 8 0 

Gases on Light SO 14 7 

Chronometers 26 17 6 

Marine Zoology 15 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

Marine Steam-vessels' Engines... 28 0 0 

Stars (Histoire Celeste) 59 0 0 

Stars (Brit. Assoc. Cat. of) 110 0 0 

Railway Sections 161 10 0 

British Belemnites 50 0 0 

Fossil Reptiles (publication of 

Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on Rocks 5 8 6 

Meteorological Expeiiments at 

Plymouth 68 0 0 

Constant Indicator and Dynamo- 
metric Instruments 90 0 0 

Force of Wind 10 0 0 

Light on Growth of Seeds 8 0 0 

Vital Statistics 50 0 0 

Vegetative Power of Seeds 8 III 

Questions on Human Race 7 9 0 

£1449 17 8 


1843. 

Revision of the Nomenclature of 

Stars 2 0 0 

Reduction of Stars, British Asso- 
ciation Catalogue 25 0 0 


Anomalous Tides, Frith of Forth 120 0 0 

Hourly Meteorological Observa- 
tions at Kingussie andinverness 77 12 8 

Meteorological Observations at 


Plymouth 55 0 0 

Whewell's Meteorological Ane- 
mometer at Plymouth ......... 1000 


£ s. d. 

Meteorological Observations, Os- 
ier’s Anemometer at Plymouth 20 0 0 

Reduction of Meteorological Ob- 


seivations 30 0 0 

Meteorological Instruments and 

Gratuities 39 6 0 

Construction of Anemometer at 

Inverness 56 12 2 

Magnetic Cooperation 10 8 10 

Meteorological Recoider for Kew 

Observatory 50 0 0 

Action of Gases on Light 18 16 1 

Establishment at Kew Observa- 
toiy, Wages, Repairs, Furni- 

tme and Sundiies 133 4 7 

Experiments by Captive Balloons 81 8 0 

Oxidation of the Rails of Railways 20 0 0 

Publication of Rcpoit on Fossil 

Reptiles 40 0 0 

Coloured Drawings of Railway 

Sections 147 IS 3 

Registration of Eaithquake 

Shocks 30 0 0 

Report on Zoological Nomencla- 

tuie 10 0 0 

Uncoveiing Lowci Red Sand- 
stone near Manchester 4 4 6 

Vegetative Powei of Seeds 5 3 8 

Mai me Testacea (Habits of) ... 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 11 

Preparation of Report on British 

Fossil Mammalia 100 0 0 

Physiological Operations of Me- 
dicinal Agents 20 0 0 

Vital Statistics 36 5 8 

Additional Experiments on the 

Forms of Vessels 70 0 0 

Additional Expeiiments on the 

Forms of Vessels 100 0 0 

Reduction of Experiments on the 

Forms of Vessels 100 0 0 

Morin’s Instrument and Constant 

Indicator 69 14 10 

Experiments on the Strength of 

Materials 60 0 0 


JS1565 10 2 

1844. 

Meteorological Observations at 

Kingussie and Inverness 12 0 0 

Completing Observations at Ply- 
mouth 35 0 0 

Magnetic and Meteorological Co- 
operation 25 8 4 

Publication of the British Asso- 
ciation Catalogue of Stars 35 0 0 

Observations on Tides on the 

East coast of Scotland 100 0 0 

Revision of the Nomenclature of 

Stars 1842 2 9 6 

Maintaining the Establishment in 

Kew Observatory 117 17 3 

Instruments for Kew Observatory 56 7 3 



GENERAL STATEMENT. 


Ixix 



£ 

s. 

d. 

Influence of Light on Plants 

10 

0 

0 

Subterraneous Temperature in 




Ireland 

5 

0 

0 

Coloured Drawings of Railway 




Sections 

15 

17 

6 

Investigation of Fossil Fishes of 




the Lower Tertiary Strata ... 

100 

0 

0 

Registering the Shocks of Earth- 




quakes 1842 

23 

11 

10 

Structure of Fossil Shells 

20 

0 

0 

Radiata and Mollusca of the 




Aegean and Red Seas 1842 

100 

0 

0 

Geographical Distributions of 




Marine Zoology 1842 

0 

10 

0 

Marine Zoology of Devon and 




Cornwall 

10 

0 

0 

Maiine Zoology of Corfu 

10 

0 

0 

Experiments on the Vitality of 





9 

0 

3 

Experiments on the Vitality of 




Seeds 1842 

8 

7 

3 

Exotic Anoplura 

15 

0 

0 

Strength of Materials 

100 

0 

0 

Completing Experiments on the 




Forms of Ships 

100 

0 

0 

Inquiries into Asphyxia 

10 

0 

0 

Investigations on the Internal 




Constitution of Metals 

50 

0 

0 

Constant Indicator and Morin’s 




Instrument 1842 

10 

3 

6 

£981 

”l2 

8 

1845. 




Publication of the British Associa- 




tion Catalogue of Stars 

351 

14 

6 

Meteorological Observations at 




Inverness 

30 

18 

11 

Magnetic and Meteorological Co- 




operation 

16 

16 

8 

Meteorological Instruments at 




Edinburgh 

18 

11 

9 

Reduction of Anemometrical Ob- 




servations at Plymouth 

25 

0 

0 

Electrical Experiments at Kew 




Observatory 

43 

17 

8 

Maintaining the Establishment in 




Kew Observatory 

149 

15 

0 

For Kreil’s Barometrograph ...... 

25 

0 

0 

Gases from Iron Furnaces 

50 

0 

0 

The Actinograph 

15 

0 

0 

Microscopic Structure of Shells... 

20 

0 

0 

Exotic Anoplura 1843 

10 

0 

0 

Vitality of Seeds 1843 

2 

0 

7 

Vitality of Seeds 1 844 

7 

0 

0 

Marine Zoology of Cornwall 

10 

0 

0 

Physiological Action of Medicines 

20 

0 

0 

Statistics of Sickness and Mor- 




tality in York 

20 

0 

0 

Earthquake Shocks 1843 

15 

14 

8 

£830 

9 

9 


1846. 

British Association Catalogue of 
Stars 1844 211 15 0 



£ 

s. 

d. 

Fossil Fishes of the London Clay 

100 

0 

0 

Computation of the Gaussian 

50 

0 

0 

Maintaining the Establishment at 
Kew Observatory 

146 

16 

7 

Strength of Materials 

60 

0 

0 

Researches in Asphyxia 

6 

16 

2 

Examination of Fossil Shells 

10 

0 

0 

Vitality of Seeds 1844 

2 

15 

10 

Vitality of Seeds 1845 

7 

12 

3 

Marine Zoology of Cornwall...... 

10 

0 

0 

Marine Zoology of Britain 

10 

0 

0 

Exotic Anoplura 1844 

25 

0 

0 

Expenses attending Anemometers 

11 

7 

6 

Anemometers’ Repairs 

2 

3 

6 

Atmospheric Waves 

3 

3 

3 

Captive Balloons 1844 

8 

19 

3 

Varieties of the Human Race 

1844 

7 

6 

3 

Statistics of Sickness and Mor- 
tali tv in York 

12 

0 

0 

£685 

16 

0 


1847. 

Computation of the Gaussian 

Constants for 1839 50 0 0 

Habits of Marine Animals 10 0 0 

Physiological Action of Medicines 20 0 0 

Marine Zoology of Cornwall ... 10 0 0 

Atmospheric Waves C 9 3 

Vitality of Seeds 4 7 7 

Maintaining the Establishment at 

Kew Observatory 107 8 6 


J6208 5 4 


1848. 

Maintaining the Establishment at 

Kew Observatory 171 15 11 

Atmospheric Waves 3 10 9 

Vitality of Seeds 9 15 0 

Completion of Catalogues of Stars 70 0 0 

On Colouring Matters 5 0 0 

On Growth of Plants 15 0 0 


£275 1 8 


1849. 

Electrical Observations at Kew 

Observatory 50 0 0 

Maintaining Establishment at 

ditto 76 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants 5 0 0 

Registration of Periodical Phe- 
nomena .. 10 0 0 

Bill on account of Anemometrical 

Observations 13 9 0 


J6159 19 6 


1850. 

Maintaining the Establishment at 

Kew Observatory 255 18 0 

Transit of Earthquake Waves .. 50 0 0 



rbpom — 1867, 


Itt 


£ s, d. 

Periodical Phenomena 15 0 0 

Meteorological Instrument, 

Azores 25 0 0 

£345 18 0 


1851. 

Maintaining the Establishment at 
Kew Observatory (includes part 

of grant in 1849) 309 2 2 

Theory of Heat 20 1 1 

Periodical Phenomena of Animals 

and Plants S 0 0 

Vitality of Seeds * 5 6 4 

Influence of Solar Radiation...... 30 0 0 

Ethnological Inquiries 12 0 0 

Researches on Annelida ....... .. IQ 0 0 


£391 9 7 


1852. 

Maintaining the Establishment at 
Kew Observatory (including 
balance of grant for 1850) ... 233 17 8 

Experiments on the Conduction 

of Heat r> 2 9 

Influence of Solai Radiations ... 20 0 0 

Geological Map of Ireland * 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Vitality of Seeds 10 6 2 

Strength of Boiler Plates 19 9 0 

£394 6 7 

18^. 

Maintaining the Establishment at 

Kew Observatory 165 0 0 

Experiments on the Influence of 

Solar Radiation... 15 0 0 

Researches on the British Anne- 
lida 10 0 0 

Dredging on the East Coast of 

Scotland... 10 0 0 

Ethnological Queries 5 0 0 


£205 0 0 


1854. 

Maintaining the Establishment at 
Kew Observatory (including 

balance of former grant) 330 15 4 

Investigations on Flax 11 0 0 

Effects of Temperature on 

Wrought Iron 10 0 0 

Registration of Periodical Phe- 
nomena 10 0 0 

British Annelida 10 0 0 

Vitality of Seeds 5 2 3 

Conduction of Heat 4 2 0 

‘ £380 19 7 

1855. 

Maintaining the Establishment at 

Kew Observatory 425 0 0 

Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 5 

Vitality of Seeds 10 7 11 

Map of the World 15 0 0 

Ethnological Queries 5 0 0 

Dredging near Belfast 4 0 0 


£480 16 4 


£ s. 


1856. 

Maintaining the Establishment at 
Kew Observatory ; — 

1854 £ 75 0 0\ .w, 

1855 £500 0 0/ 

Strickland’s Ornithological Syno- 


nyms 100 

Dredging and Dredging Forms... 9 

Chemical Action of Light 20 

Strength of Iron Plates 10 


Registration of Periodical Pheno- 


0 


0 

13 

0 

0 


mena 10 0 

Propagation of Salmon 10 0 


£734 13 


1857. 

Maintaining the Establishment at 

Kew Observatory 350 0 

Eaithquake Wave Experiments. . 40 0 

Di edging near Belfast 10 0 

Dredging on the West Coast of 

Scotland 10 0 

Investigations into the Mollusca 

ofCalifoinia 10 0 

Experiments on Flax 5 0 

Natural History of Madagascar. . 20 0 

Researches on British Annelida 25 0 

Report on Natuial Products im- 
ported into Liverpool 10 0 

Artificial Propagation of Salmon 10 0 

Temperature of Mines 7 8 

Thermometers for Subterranean 

Observations 5 7 

Life-Boats 5 0 


£507 15 


d. 


0 


0 

9 

0 

0 

0 

0 

9 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

'4 


1858. 

Maintaining the Establishment at 

Kew Observatory 500 0 0 

Earthquake Wave Experiments.. 25 0 0 

Dredging on the West Coast of 

Scotland 10 0 0 

Dredging near Dublin 5 0 0 

Vitality of Seeds 5 6 0 

Dredging near Belfast 18 13 2 

Report on the British Annelida*.. 25 0 0 

Experiments on the production 

of Heat by Motion in Fluids ... 20 0 0 

Report on the Natural Products 

imported into Scotland 10 0 0 


IS 2 

1859. 

Maintaining the Establishment at 

Kew Observatory 500 0 0 


Dredging near Dublin 15 0 0 

Osteology of Birds..*. 50 0 0 

Irish Tunicata 5 0 0 

Manure Experiments 20 0 0 

British Medusidae 5 0 0 

Dredging Committee 5 0 0 

Steam-vessels’ Performance 5 0 0 

Marine Fauna of South and West 

of Ireland 10 0 0 

Photographic Chemistry 10 0 0 

Lanarkshire Fossils 20 0 1 

Balloon Ascents 39 11 0 


£684 11 I 



GENERAL STATEMENT. 


1860. 

£ 

s. 

d. 

Maintaining the Establishment 




of Kew Observatory.... 

500 

0 

0 

Dredging near Belfast 

16 

6 

0 

Dredging in Dublin Bay. 

15 

0 

0 

Inquiry into the Performance of 




Steam-vessels 

124 

0 

0 

Explorations in the Yellow Sand* 




stone of Dura Den 

20 

0 

0 

Cliemico-raechanical Analysis of 




Rocks and Minerals 

25 

0 

0 

Researches on the Growth of 





10 

0 

0 

Researches on the Solubility of 




Salts 

30 

0 

0 

Researches on the Constituents 




of Manures 

25 

0 

0 

Balance of Captive Balloon Ac- 




counts... 

1 

13 

6 

£1241 

7 

0 

1661. 




Maintaining the Establishment 




of Kew Observatory 

500 

0 

0 

Earthquake Experiments 

25 

0 

0 

Dredging North and East Coasts 




of Scotland * 

23 

0 

0 

Dredging Committee 




1860 £50 0 0\ 

72 

0 

Q 

1861 £22 0 OJ 





20 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam-vessel Performance 

150 

0 

0 

Fossils of Lesmahago 

15 

0 

0 

Explorations at Uriconium 

20 

0 

0 

Chemical Alloys 

20 

0 

0 

Classified Index to the Transac- 





100 

0 

0 

Dredging in the Mersey and Dee 

5 

0 

0 

Dip Circle 

30 

0 

0 

Photoheliographic Observations 

50 

0 

0 

Prison Diet 

20 

0 

0 

Gauging of Water 

10 

0 

0 

Alpine Ascents 

6 

5 

1 

Constituents of Manures 

25 

0 

0 

£1111 

6 

10 

1862. 




Maintaining the Establishment 




of Kew Observatory 

500 

0 

0 

Patent Laws 

21 

6 

0 

Mollusca of N.-W. America 

10 

0 

0 

Natural History by Mercantile 




Marine 

5 

0 

0 

Tidal Observations 

25 

0 

0 

Photoheliometer at Kew 

40 

0 

0 

Photographic Pictures of the Sun 

150 

0 

0 

Rocks of Donegal .................. 

25 

0 

0 


Dredging Durham and North- 
umberland 25 0 0 

Connexion of Storms 20 0 0 

Dredging North-East Coast of 

Scotland 6 9 6 

Ravages of Teredo 3 11 0 

Standardsof Electrical Resistance 50 0 0 

Railway Accidents 10 0 0 


Ixxi 


£ t. d. 

Balloon Committee 200 0 0 

Dredging Dublin Bay 10 0 0 

Dredging the Mersey 5 0 0 

Prison Diet 20 0 0 

Gauging of Water 12 10 0 

Steamships’ Performance 150 0 0 

Thermo-Electric Currents ...... 5 0 0 

£1293 16 6 

1863. 

Maintaining the Establishment 

of Kew Observatory 600 0 0 

Balloon Committee deficiency... 70 0 0 
Balloon Ascents (other expenses) 25 0 0 

Entozoa 25 0 0 

Coal Fossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal.. 5 0 0 

Prison Diet...... 20 0 0 

Vertical Atmospheric Movements 13 0 0 
Dredging Shetland ............... 50 0 0 

Dredging North-east coast of 

Scotland 25 0 0 

Dredging Northumberland and 
Durham........................... 17 S 10 

Dredging Committee superin* 

teudence 10 0 0 

Steamship Performance 100 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Volcanic Temperature 100 0 0 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Construction and distribn* 

tion 40 0 0 

Luminous Meteors 17 0 0 

Kew Additional Buildings fbr 

Photoheliograph 100 0 0 

Thermo-Electricity 16 0 0 

Analysis of Rocks 8 0 0 

Hydroids 10 0 0 

JE1608 i 10 

1864. ' 

Maintaining the Establishment 

of Kew Observatory.^.. 600 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments.... 20 0 0 

Dredging Shetland 75 0 0 

Dredging Northumberland 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Elecij'ic Resistance 100 0 0 

Analysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askham’s Gift 50 0 0 

Nitrite of Amyle 10 0 0 

Nomenclature Committee ...... 5 0 0 

Rain-Gauges 19 16 8 

Cast Iron Investigation 20 0 0 

Tidal Observations in the Humber 50 0 0 

Spectral Rays 45 0 0 

Luminous Meteors 20 0 0 


£1289 15 8 



Ixxii REPORT — 1867. 


1865. 

£ 

s. 

d. 


& 

s. 

d. 

Maintaininir the Establishment 



Kent's Hole Exploration 

200 

0 

0 

of Kew Observatory 

.. 600 

0 

0 

Marine Fauna, &c., Devon and 




Balloon Committee 

.. 100 

0 

0 

Cornwall 

25 

0 

0 

Hydroida 

... 13 

0 

0 

Dredging Aberdeenshire Coast. . . 

25 

0 

0 

Rain-Gauires 

... 30 

0 

0 

Dredging Hebrides Coast 

50 

0 

0 

Tidal Observations in the Humber 6 

8 

0 

Dredging the Mersey 

5 

0 

0 

Hexylic Compounds 

.. 20 

0 

0 

Resistance of Floating Bodies in 




Amyl Compounds 

.. 20 

0 

0 

Water 

50 

0 

0 

Irish Flora 

.. 25 

0 

0 

Polycyanides of Organic Radi- 




American Mollusca 

3 

9 

0 

cals 

20 

0 

0 

Organic Acids 

.. 20 

0 

0 

Rigor Mortis 

10 

0 

0 

Lingula Flags Excavation . . . 

.. 10 

0 

0 

Irish Annelida 

15 

0 

0 

Eurypterus 

.. 50 

0 

0 

Catalogue of Crania 

50 

0 

0 

Electrical Standards 

.. 100 

0 

0 

Didine Birds of Mascarene Islands 

1 50 

0 

0 

Malta Caves Researches 

.. 30 

0 

0 

Typical Crania Researches 

30 

0 

0 

Oyster Breeding 

.. 25 

0 

0 

Palestine Exploration Fund 

100 

0 

0 

Gibraltar Caves Researches 

.. 150 

0 

0 

1 £17.50 1.3 

4 

Kent’s Hole Excavations 

.. 100 

0 

0 



— — 



Moon's Surface Observations 

.. 35 

0 

0 

1867. 




Marine Fauna 

.. 25 

0 

0 

Maintaining the Establishment 




Dredging Aberdeenshire 

.. 25 

0 

0 

of Kew Observatory 

600 

0 

0 

Dredging Channel Islands . . . 

.. 50 

0 

0 

Meteorological Instruments, Pa- 




Zoological Nomenclature 

.. 5 

0 

0 

lestine 

50 

0 

0 

Resistance of Floating Bodies in 



Lunar Committee 

120 

0 

0 

Water 

.. 100 

0 

0 

Metrical Committee 

30 

0 

0 

Bath Waters Analysis 

... 8 

10 

0 

Kent’s Hole Explorations 

100 

0 

0 

Luminous Meteors 

... 40 

0 

0 

Palestine Explorations 

50 

0 

0 


fiOl 

7 

1 n 

Insect Fauna, Palestine 

30 

0 

0 


i 



British Rainfall 

50 

0 

0 





Kilkenny Coal Fields 

25 

0 

0 

1866. 




Alum Bay Fossil Leaf-Bed 

25 

0 

0 

Maintaining the Establishment 



Luminous Meteors 

50 

0 

0 

of Kew Observatory 

.. 600 

0 

0 

Bournemouth, &c. Leaf-Beds ... 

30 

0 

0 

Lunar Committee 

.. 64 

13 

4 

Dredging, Shetland 

75 

0 

0 

Balloon Committee 

.. 50 

0 

0 

Steam-ship Reports Condensa- 




Metrical Committee 

.. 50 

0 

0 


100 

0 

0 

British Rainfall 

.. 50 

0 

0 

Electrical Standards 

100 

6 

0 

Kilkenny Coal Fields 

. 16 

0 

0 

Ethyle and Methyle series 

25 

0 

0 

Alum Bay Fossil Leaf-Bed . . . 

15 

0 

0 

Fossil Crustacea 

25 

0 

0 

Luminous Meteors 

.. 50 

0 

0 

Sound under Water 

24 

4 

0 

Lingula Flags Excavation . . . 

.. 20 

0 

0 

North Greenland Fauna 

75 

0 

0 

Chemical Constitution of Cast 



Do. Plant Beds... 

100 

0 

0 

Iron 

... 50 

0 

0 

Iron and Steel Manufacture ... 

25 

0 

0 

Amyl Compounds 

... 25 

0 

0 

Patent Laws 

. 30 

0 

0 

Electrical Standards 

... 100 

0 

0 


A 


Malta^Caves Exploration 

30 

0 

0 

1 / O •/ 

4 

u 


Extracts from Resolutions of the General Committee, 

Committees and individuals, to whom grants of money for scientific pur- 
poses have been entrusted, arc required to present to each following Meeting 
of the Association a K-eport of the progress which has been made ; with a 
statement of the sums which have been expended, and the balance which re- 
mains disposable on each grant. 

Grants of pecuniary aid for scientific purposes from the funds of the Asso- 
ciation expire at the ensuing Meeting, unless it shall appear by a Eeport that 
the Eecommendations have been acted on, or a continuation of them be 
ordered by the General Committee. 

In each Committee, the Member first named is the person entitled to call on 
the Treasurer, William Spottiswoode, Esq., 50 Grosvenor Place, London, 8.W., 
for such portion of the sum granted as may from time to time be required. 



GENERAL MEETINGS. Ixxiii 

In grants of money to Committees, the Association does not contemplate 
the payment of personal expenses to the members. 

In ^1 cases where additional grants of money are made for the continua- 
tion of Eescarches at the cost of the Association, the sum named shall he 
deemed to include, as a part of the amount, the specified balance which may 
remain unpaid on the former grant for the same object. 


General Meetings. 

On Wednesday Evening, September 4, at 8 p.m., in the Kinnaird Hall, 
Sir R. I. Murchison, Bart., K.C.B., E.R.S., Vice-President, in the absence of 
William R. Grove, Esq., M.A., E.R.S., resigned the office of President to 
His Grace the Duke of Buceleuch, K.G., E.R.S., who took the Chair, and 
delivered an Address. 

On Thursday Evening, September 5, at 8 p.m., a Soiree took place in the 
Volunteers’ Hall. 

On Thursday Evening, September 5, in the Kinnaird Hall, Prof. Tyndall, 
LL.D., E.R.S., delivered a Discourse on Matter and Eorce,” to the Opera- 
tive Classes of Dundee. ^ 

On Friday Evening, September 0, at 8.30 p.m., in the Kinnaird Hall, 
Archibald Geikie, Esq., E.R.S. , F.G.S., delivered a Discourse on the “ Geo- 
logical Origin of the present Scenery of Scotland.” 

On Monday Evening, September 9, at 8.30 p.m., in the Kinnaird Hall, 
Alexander Herschel, Esq., F.R.A.S., delivered a Discourse on ^‘The Present 
State of Knowledge regarding Meteors and Meteorites.” 

On Tuesday Evening, September 10, at 8 p.m., a Soiree took place in 
the Volunteers’ Hall. 

On Wednesday", September 11, at 3 p.m., the concluding General Meeting 
took place, when the Proceedings of the General Committee, and the Grants of 
Money for Scientific purposes, were explained to the Members. 

The Meeting was then adjourned to Norwich*. 


* The Meeting is appointed to take place on Wednesday, August 19, 1868, 



^Ebbaxa in Beporx of the Electeical Stahdaed Committee eoe 1863. 

P. 140, in equation 9, for read k. 

P. 144, line 19 from top, for E read Ej. 

P. 152, for force equal to absolute units, or gramme weight, read 

force equal to — absolute units, or gramme weight. 

cr 

Erj-T* 

P. 157i in equation 28, 0= omit the decimal point erroneously put before 4157 ; 

and three lines lower, for 24*861 and *4157 read 24861 and 4157. 

P. 158, /or By the definition of electrochemical equivalents, E=N read Q=N, 



REPORTS 

ON 


THE STATE OF SCIENCE. 




EEPOETS 


ON 

THE STATE OF SCIENCE. 


Report of the Lunar Committee for Mapping the Surface of the Moon, 
Drawn up by W. R. Birt, at the request of the Committee, consisting 
0/ James Glaisher^ F.R.S,, Lord Rosse^ F,R.S., Lord Wrottesley^ 
F,R,S,, Sir J. PIerschel^ Bart,, F.R.S,, Professor Phillips^ F.R.S. , 
Rev. C. Pritchard^ F.R.S., W. Huggins, F.R.S., Warren De la 
Rue, F.R.S., C. Brooke, F.R.S., Rev. T. W. Webb, F.R.A.S., 
J. N. Lockyer, F.R.A.S., Herr Schmidt, and W. R. Birt, 
F.R.A.S. 


The Report now presented contains an account of the proceedings of the 
Lunar Committee during the past Association year. These proceedings have 
reference to the following subjects : — Pirst, the registration of craters and 
other visible objects. Secondly, the construction of an outline map. And 
thirdly, an examination of an alleged change upon the surface of the moon. 

The Registration of Objects. — In connexion with this head nothing has 
transpired during the past year to render necessary any addition to the plan 
proposed by the Committee in 1865. The mode of registration was treated 
very fully in the Report presented at Birmingham, and published in the 
volume of Reports for 1 865, pp. 287-300. 

The number of objects now registered are as follows : — 


514 

349 

205 

557 


on 

99 

99 

99 


124 

Areas in 

Quadrant' 

I. 

86 

99 

99 

II. 

57 

99 

99 

III. 

62 

99 

99 

IV. 


Total 1625 „ 329 


on the moon’s surface. 


The Outline Map. — During the past year the Committee authorized the 
engraving and printing of Areas IV A* and IV^, also the printing of the 
catalogue of objects inserted on those areas, and the distribution of copies to 
gentlemen taking part in the work. As the printing was completed, and 
the issue had commenced before the last Report had gone to press, it was 
considered advisable, in order to give them greater circulation, to append 
these areas and catalogue to that Report. They form Appendix III., Report, 
1866, pp. 239-280. 

The Committee, recognizing the great importance of obtaining periodical 
examinations of the moon’s disk, suggested that the entire surface should be 
divided into subzones of of latitude (Report, 1866, p. 240), and allotted td 
1867. R 
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REPORT 1867. 


gentlemen -willing to cooperate in the work. The two areas at present 
issued embrace 10 degrees of latitude, and the allotment has been so arranged 
that each pair of subzones overlap and dovetail into the adjoining pairs. 
In Appendix III. to the last Report, the objects in each pair of subzones are 
specified in the order of their eonspicuousness (see Report, 1866, p. 241). 
The following siibzones have been allotted as under : — 


Area IYA“. inches. 


No. 1. 

G. J. Walker, Esq., Teignmouth, Devon. 

Aperture 

3|. 

achr. 

,, 2, 

D, Smith, Esq., Birmingham. 


3, 

achr. 


r Mrs. J ackson. Old Brompton. 


3|, 

achr. 

„ 3.. 

< T. Whitehouse, Esq., West Bromwich. 

?» 

121 

achr. 


[ J. Leigh, Esq., Warrington. 

ff 


refl. 

» 4. 

F. Bird, Esq., Birmingham. 

?? 

12, 

refl. 

„ 5. 

J. Graham, Esq., Ash ton-under- Lyne. 

99 

4j, 

achr. 

„ e. 

Rev. W. 0. Williams, Pwllheli, North Wales. „ 

4 ^ 

achr. 


Area IVA^. 


inches. 

No. 1. 

Rev. W. 0. Williams, Pwllheli, North Wales. Aperture 


achr. 

» 2. 

H. Ingall, Esq., Camberwell. 

9 9 

4-5, 

dial. 

„ 3. 

C. Grover, Esq., Chesham, Bucks. 

99 

Oh 

refl. 

„ 4. 

F. C. Penrose, Esq., Wimbledon. 

99 

5^ 

achr. 

„ 5. 

T, Petty, Esq., Deddington, near Oxford. 

99 

3, 

achr. 

„ 6. 

D. Gill, Esq., Aberdeen. 

99 

12, 

refl. 


In addition to the above named, the following gentlemen have kindly 
offered to make occasional observations, and to examine particular ob- 
jects : — 

J. Buckingham, Esq., Walworth. 

J. N. Lockyer, Esq., Finchley Road. 

H. Barnes, Esq., Holloway. 

D. A. Freeman, Esq., Upper Tooling, Surrey. 

W. Huggins, Esq., Upper TuLse Hill. 

J. Browning, Esq., Holloway. 

E. Crossley, Esq., Halifax. 

H. M. Webster, Esq., Dundee. 

G. Knott, Esq., Cuckfield, Sussex. 

Rev. W. R. Dawes, Haddenham. 

Rev. T. W. Webb, Hardwick, Herefordshire. 

H. J. Slack, Esq., Camden Square. 

T. Barncby, Esq., Worcester. 

J. Joynson, Esq., Waterloo, Liverpool. 

G. Williams, Esq., Liverpool. 

Capt. Noble, Maresfield, Sussex. 

C. L. Prince, Esq., Uckfield, Sussex. 

Rev. J. Simpson, Dysart, Fife. 


inches. 

Aperture 9 & 21|, achr. 

99 

6, achr. 

99 

10|, refl. 

99 

4|, achr. 

99 

8, achr. 

99 

12, refl. 

99 

9*3, achr. 

99 

7, achr. 

99 

Tg, achr. 

99 

8, achr. 

99 

9^, refl. 

99 

61, refl. 

99 

9, achr. 

99 

6, achr. 

99 

4|, achr. 

99 

4*2, achr. 

99 

6*8, achr. 

99 

f 3, achr. 
14, refl. 


Several returns have been received, but they are not yet in a state fit for 
publication. 

It has been proposed that, previous to publishing any returns that may 
be made to the Committee, the objects reported by the several observers 
shall be re-examined by Mr. Birt, or by some other gentleman on behalf of the 
Committee, with the aid of a telescope of superior power, The annual grant, 
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which the Comtnittee request may be renewed, is not available for supplying 
an instrument suitable for this purpose, as it is necessarily expended in 
carrying on the work of mapping, registration, &c, Nevertheless the Com- 
mittee hope that aid may bo afforded by which this desirable object may be 
attained, as, by the use of such an instrument, an authority will be given to 
the work of a kind which it would not otherwise possess. 

Alleged Change on the Moon’s Surface. — On the 27th of November 
1866, the Committee received a communication from Herr Schmidt, Di- 
rector of the Observatory at Athens, announcing that a remarkable change 
had taken place in the crater Linne.’’ The importance of this communi- 
cation was at once apparent, as bearing in one direction on an interesting 
question on lunar physics, and in anotlier on the labours of tlic Committee. 
Two years ago the Committee urged the necessity of so registering an object 
that it might ever after, in all time, be sufficiently identified by all future 
observers (Eeport, 1865, p. 294). The announcement of Schmidt suggests a 
modification ; for if a change sufficiently extensive should take place in any 
object, the condition of which liad been definitely settled by more than one 
observer, it might be difficult to identify it as the sayne ohject, but the value 
of the determination of its former condition would be increased, both deter- 
minations being equally good. In the particular case of Linne,’’ it is only 
in the latter part of 1866, and up to September 1867, that its real state may 
he regarded as settled upon the testimony of numerous observers, whose 
observations fairly agree among themselves. With regard to its former 
state there is some doubt, in consequence of real or supposed inexactitude in 
previous observations, from which it is difficult to arrive at a conclusion; 
an earlier observation agreeing (in the opinion of most astronomers) with 
its present appearance, while others of a later date are irreconcileablc with 
it. In the present state of Helenography a record of its real condition at any 
particular epoch is so obviously important that nearly the whole of the obser- 
vations, both early and recent, that have come into the possession of the 
Committee, are given in an appendix ; those not inserted are mere repetitions 
of similar features. 

Herr Tempel’s opinion of the round white spots on the moon’s surface 
(analogous to the appearance which Linne now presents) being of interest 
for the existence of a chemicalltf warm activity (Astronomischo Nachrichten, 
No. 1655, translated by W. T. Lynn, B.A., E.Il.A.S., Astronomical Eegistcr, 
No. 58, p. 219), demands attention. These spots, which are very numerous, 
have usually been considered as ground-markings, but as Linne, in 1788, 
and in 1866-67, presented a similar appearance, they will in future com- 
mand more attention. 

During the past year the Committee have issued three Circulars : — No. I. 
announcing the change in Linne ; No. II. Tables of the periods of visibility 
of those portions of the surface near the moon’s limb periodically concealed 
by changes of libration ; and No. III. a rhume of the results of observations 
of Linne up to June 1867. A portion of this Circular, with additional obser- 
vations, will be found in the Appendix. 

APPENDIX. 

LiNNf:. — Observations, early and recent. 

Linne is marked A in Lohrmann’s Section TV. 

1 (a). Schroter’s observation, 1788. — Nov. 5, P' 30“ to 8^' (Seleno- 
topographische Fragmente, vol, i. p. 181). Die scchste Bergader kommt von 

b2 
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einer fast dicht an den sudlichon Grjinzgebirgon befindlichen, verhaltlich 
gezeichiieten Einsenknjig streicht nbrdlich nacb v, wo selbst sie tvieder eine 
olmgefahr gleich grossCy aher ganz Jlaclie, ah ein iveisses, seli7' Icleines rundes 
FlecJcchen erscheinende, etwas ungewisse Einsenhimg in sick 

Translation. — The sixth ridge comes from a depression Uy situated almost 
close upon the south boundary mountains, passes northwards towards Vy where 
it again has within it a somewhat uncertain depression of about the same size, 
hut quite flat and resembling a ivliite, very small round spot. 

(6). Schmidt’s Reference to Sciihotek’s Observation. — I. Schruter, 
5. Nov. 1788, Abends, beriihrte die ziinehmende Phase den Ostrand des 
Mare Serenitatis, so dass die Bcrge des Caucasus und der ndrdliche Apennin 
schon erleuchtet waren. Schroter beobachtetc diesmal mit 95-maliger 
Vergrbsserung des siebenfiissigcn Reflectors. Seine Abbildung vom 5. Nov. 
ist Tab. TX., Band I., der Sclenotopographischen Fragmcnte. Der kleine 
Crater v daselbst entspricht am nachsten deni Orte des Linne, keineswegs abcr 
y, der jetzt noch sichtbar ist, und noch weniger der dunkle Fleck r/.” 

Translation. — I. Schroter, 5 Nov. 178S, in the evening, at the increas- 
ing phase, the terminator was in contact with the eastern boundary of the 
Mare Serenitatis, so that the mountains of Caucasus and the northern 
Apennine were already illuminated. Schroter observed this time with a power 
of 95 on the 7-foot reflector. His drawing of 5 Nov. is in Tab. IX. vol. i. 
of the Selenotopographic Fragments. The small crater v in it corresponds 
nearest to the place of Linne, y (which is now still visible) not at all so, and 
still less the dark spot g. 

Note. — 111 the Monthly Notices R. A. S., vol. xxvii. p. 298, Mr. Huggins 
has italicized the portion of Schroter’s observation of the spot v. In Schmidt’s 
reference I have italicized the word ‘‘ nachsten” (nearest). Schmidt does not 
appear to have identified v with Linne (^see p. 21). 

2. Lohrmann’s Observation. — IS23, May 28, 2^ 12*" to 2’‘ 15*“ Morgens, 
Wahre Dresdner Zeit (Topograiihie der Sichtbaren Mondoberflache, p. 92): — 

A ist die zweite Grube auf dieser Flache .... neben einer von Sulpicius 
Gallus herkommenden Bergader, hat einen Durchmesser der etwas mehr 
als eine Meile betriigt, ist sehr tief, und kann in jeder Beleuchtung gesehen 
werden.” 

Translation. — A is the second crater upon this plain .... near a ridge 
beginning at Sulpicius Gallus, it has a diameter of somewhat more than a 
mile, is very deep, and can be seen under every illumination. 

Lohrm Ann’s Note to his measure of A (Topographic der Sichtbaren Mond- 
oberflachc, p. xv of Observations) : — Con on kann zur Zeit des Yollmondes 
nicht deutlich gesehen werden ; dagegen zeigt sich A immer als heller Punkt 
im grauen Mare Serenitatis.” 

Translation. — Conon cannot be seen distinctly at the time of the full moon, 
whilst A shows itself always as a bright point in the grey Mare Serenitatis. 

3. Beer and Madder’s Measures. — 1831, Dec. 12 and 13. Extract from 
a letter of Professor Madler in English, dated 1807, June 6. 

‘^The crater Linne, situated in 27° 47' 13" N. lat., and 11° 32' 28" W. 
long., has a diameter of 1*4 geographical miles (6*4 English miles). In full 
moon the edge of it is not very sharply limited, but in oblique illumination 
it is very distinct, and I have measured it seven times with great facility. 
The light of the edge is noted permanently 0° ; the very small inner space 
has nearly, or full the same brightness till the moment when shadows begin.” 

4. Schmidt. — Ober die gegenwartigo Yeranderung des Mondcraters Linne,” 
Sitzungsberichte der K, Akademie, Wien, Bd, Iv. Feb. 18G7. 
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In this letter to Herr Haidinger, Herr Schmidt assigns to Linne a diameter 
of 5700 toises, or 36449 English feet, with at least a* depth of 170 toises, or 
1087 English feet. 

Schmidt’s early observations, which included nearly 1300 lunar drawings. 

1840. ^^Auf einer Generalcharte dcs Mondes, von 12 Zoll Durchmesser 
die ich nach eigenen Eeohachtungen wahrscheinlich Ende 1840 ausarheitete, 
findo ich ‘ Linne ’ als Crater angegehen. Lohrmann’s und Madler’s Werke 
wurden mir erst 1843 in Hamburg zngiinglitli.” 

Translation. — On a general chart of the moon, diameter 12 inches, which 
I constructed from my own observations probably about the end of 1840, I 
find Linne marhed as a crater. The works of l^ohrmann and Madler were 
not accessible to me until the year 1843 at Hamburg. 

1841, April 27. Abends ; zunchmendc Phase im Ostrande des Mare Sere- 
nitatis. In Nr. 4 fchlt Linne, aber zwei kleinc Crater im Nordwesten sind 
stark ausgezeichnct.” 

Translation, — 1841, April 27, evening. The morning terminator on the 
eastern boundary of the iMarc Screnitatis. In No. 4 Linne is wanting, but 
two small craters are strongly marked on the north-west. 

1841, Mai 28. Abends ; Phase uber Eratosthenes und Plato. In Nr. 11 
ist Linne nicht angegeben.” 

Translation. — May 28, evening. The terminator on Eratosthenes and 
Plato. In No. 11 Linne is not marked. 

1841 , September 6. Abends ; abnehmende Phase fiber Eudoxus und Me- 
nelaus (Nr. 36) ; Linne nicht gczeichnet.’’ 

Translation. — September 6, evening. Evening terminator on Eudoxus 
and Menelaus (No. 36) ; Linne not marked. 

1841, December 2. Morgens ; abnehmende Phase fiber Atlas und 
Gutenberg. In Nr. 52 habe ich Linne in grossem Abstande von der Licht- 
grenze als Crater gczeichnet.” 

Translation. — December 2, morning. Evening terminator on Atlas and 
Gutenberg. In No. 52 I have marked Linne as a crater at a great distance 
from the terminator. 

“ 1841, December 2. Abends ; abnehmende Phase fiber Isidorus und 
Eracastor. In Nr. 53 ist Linne verbal tlich sehr gross als Crater angegeben.” 

Translation. — December 2, evening. Evening Terminator on Isidorus and 
Eracastor. In No. 53 Linne is given projiortionately very large as a crater. 

1841, December 3. Morgens ; abnehmende Phase uber Posidonius und 
Piccolomini ; Nr. 54 stellt den Linne deutlich als Crater dar.” 

Translation. — December 3, morning. Evening terminator on Posidonius 
and Piccolomini ; No. 54 represents Linne distinctly as a crater. 

1842, Janner 3. Morgens ; abnehmende Phase fiber Eudoxus und Me- 
nelaus, In Nr. 63 ist Linne, hart an der Phase, nicht verzeichnet.” 

Translation. — 1842, Jan. 3, morning. Evening terminator on Eudoxus 
and Menelaus. In No. 63 Linne, close to the terminator, is not marked. 

1842, Eebruar 16 und 17 (Nr, 74 und 75) ; bei zunehmender Phase ward 
Linne, der Lichtgrenze nahe, nicht gesehen.” 

Translation. — Eeb. 16 and 17. Morning terminator. Linne, which was 
near the light-boundary, was not seen. 

1842, Juli 1 4. Abends ; zunehmende Phase im Ostrande des Mare 
Screnitatis. Beobachtet ward zu Hamburg an einem guten Eernrohre von 
Banlcs. Enter 88-maligor Yergrosserung ward Linne als sehr kleiner Crater 
gezeichnet.” 

Translation, — July 14, evening. Morning terminator on the eastern 
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border of tbe Mare Sercnitatis. . Observed Linne at Hamburg with a good 
telescope by Banks. With power 88, it was represented as a very small 
crater. 

‘‘ 1843, Mai 9. Abends ; zunehmende Phase schon uber den Copernicus 
hinaus. Bei vorziiglich guter Luft zkhlte ich am zuletzt-genannten Fernrohre 
22 Crater im Mare Sercnitatis, darunter in Hr. 270 sicher den Linn^."' 

Translation , — May 9, evening. Morning terminator already passed over 
Copernicus. The air being particularly favourable, I counted with the last- 
mentioned telescope 22 craters in the Mare Sercnitatis, and amongst them in 
Ho. 270 is certainly included Linne. 

1843, August 17, um 13 Uhr ; am grossen Fernrohre der Hamburger 
Stemwarte beobachtet bei guter Luft. Beide Bergadern von Sulpicius GaUiis 
nach Horden ziehend, an der abiiehmenden Phase, gut 8ichtbar,aber vom Linne 
keine Spur (Hr. 320).” 

Tramlation , — August 17, about 13 hours ; observed in good atmosphere 
with the great telescope of the Hamburg Observatory. The two mountain 
veins running northerly from Sulpicius Gallus were weU visible on the evening 
terminator, but of Linne no trace. 

Eecent Observations — Hesults. 

1®. An ill-defined white spot, not unlike a cloud, greater in extent than the 
crater of Lohrmann, Beer and Madler, and Schmidt. 

2®. A large shallow crater that has been very rarely seen. 

3®. A small crater within the shallow crater, first seen as a crater by Father 
Secchi on Feb. 11, 1867. 

These appearances of Linne have not been recorded previously as ro- 
eccisting*. 

Observations of tke W^uite Spot. 

These have been very numerous. Ho doubt whatever has been cast on 
this appearance of linne since Oct. 15, 1860. The only question that exists 
has reference to the variability or invariability of its size, and probably of its 
reflective power. 

Schmidt’s Kecent Observations. Note , — It will be sufiicient to quote 
merely the dates of these observations except the first, in which Schmidt 
speaks of his missing for the first time the crater-form of Linne. 

‘‘ 1866, October 16. Abends ; zunehmende Phase iiber den Caucasus. Luft 
sehr still, schwach dunstig. Yiele kleine Crater im Mare Sercnitatis sichtbar ; 
Linne aber, obgleich hbchst giinstig belcuchtet, erschien nicht als Crater, 
sondern als kleine Wolke, iihnlich dem weissen Flecken bstlieh bei Posidonius 
in der grossen Bergader, wclcher Fleck (in Wirklichkeit ein grauer hoherer 
Gipfel jener Bergader) in Lohrmann’s Sect. III. mit 16 bezcichnet ist, bei 
Madler aber y heisst. Zum Ersten Male vermissto ich den Linne, oder viel- 
mehr seine Craterform, die sich jetzt tief beschattet, und in besondercr 
Deutlichkeit hiitte zeigen miissen.” 

Translation, — 1866, October 16, evening. Morning terminator over Cau- 
casus. Air very still, slightly misty. Many small craters visible in the Mare 
Serenitatis ; but Linne, although most favourably illuminated, did not appear 
as a crater, but as a small cloud similar to the white spot eastward near 
Posidonius in the great mountain-ridge, which spot (in reality a grey highish 

* 1867, Nov. 3. Mr. Prince, of Uckfield, saw the shallow crater and the small crater at 
the same time : see post, p, 13, 
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peak of that mountain-ridge) is denoted by 16 in Lobrmann’s Sect. III., but 
is called y by Madler. Por the first time did I miss Linne, or rather its 
crater-form, which at that time ought to have shown with especial distinct- 
ness and deeply shadowed, 

Bchraidt observed Linne as a spot of light on/?y, more or less similar to y 
rosidonius, on the undermentioned days; 1806, Oct. 18 ; Nov. 14, 17, 19, 
22, 23, 24, and 25. On Nov. 26 ho recorded ^^no trace of Linne.’’ He also 
observed it as alight-spot on Dee. 14-16 (and following evenings), 25, and 27. 
On Dec. 27 he speaks of it as inconsiderable.” 1867, Jan. 13, 14 to 19, 
and 24, ho still observed it as a light-spot or small white cloud, iklso on 
May 23, he estimated it at 0*6 of Bulpicius Gallus ; May 24, estimated at 0*25 
of S. Gallus ; June 22, 0-33 of S. Gallus ; and July 9, as the usual spot of 
light. 

M. Elammarion observed the white spot on May 10, 1867, and described 
it as under (Comptea Rendus, tom. Ixiv. 20 Mai, 1867, No. 20, p. 1020.) 
He does not appear to have seen either the large shallow crater, or the small 
crater or hill which were observed on the same day by Respighi and Schmidt. 

“ Une observation attentif montre immediatement que Linne invest plus un 
craUre. Aucunc ombre exterieure k Test, aucune ombre an centre. En sa 
place il n’y a plus maintenant qu’une nude blanche circulaire, ou plutot une 
tache blanche attenant an sol, laquelle, loin de s’ clever comme un cratere 
BUT le fond un pen verdatre de la mer de la Serenite parait n’etre ni en relief 
ni en creux et ressemble k un lar plus claire que la plaine avoisinante.” 

Translation . — ^An attentive observation shows immediately that Linne is 
no longer a crater. No exterior shadow to the east, no shadow at the centre. 
In its place there is now nothing more than a white circular cloud, or rather 
a white spot contiguous to the ground, which, so far from elevating itself as a 
crater on the slightly greenish ground of the Mare Serenitatis, appears neither 
to be in relief nor as a depression, but resembles a lahe brighter than the 
neighbouring plain. 

1867, July 9. Mr. Huggins measured the length and breadth of the white 
spot, viz. 7”*854 length, and 6"*138 breadth. On the same evening I measured 
the white spot in the direction of position angle 0°, and found the diameter 
in this direction 7" *004 ; the mean of the length and breadth gives 6"‘096 
for an intermediate diameter. 

1867, August, 6^ 8^\ Distance of meridian of Linne from meridian crossed 
by terminator at the moon’s equator 0° 6'*4, Linne being unenlightened. 
Later, when thq moon was low in the west, Mr. Buckingham saw an oval spot 
rise gradually out of the dark part of the moon, which projected a shadow to 
the edge. 

Erom the sketch accompanying the note, it would appear that this spot 
was somewhat elevated above the general surface, as the shadow extended to 
the terminator, also the cone of the little crater is shown casting an exterior 
shadow, the orifice being a black spot. On the same evening, at 8^ 30“, Mr. 
Bird noticed two notches on the terminator near the neighbourhood of Linne. 

1867, Oct. 5. Mr. Slack, of Camden Square (telescope 6|-inch aperture, 
silvered glass reflector), observed the white spot. He says, “The next 
night (Oct. 5) I thought the white patch round Linne smaller than on many 
former occasions, but changes of this soit are very common.” 

Mr. Webster, of Dundee (telescope 7-inch aperture, achromatic object 
glass by Cooke), records, “ Oct. 5, I could see Linne only as a small faint 
nebulosity.” 

1867, Oct. 10. Mr. Slack. “ The white spot linne did not melt off 
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dually into tbo colour of the surrounding sea as in some previous months. 
It showed as a distinct clear white spot, round which the sea was distinctly 
of deeper tint — one of the nondescript ochreous browns. No symptoms of 
a cloudy edge was visible with my and power 100.’’ 

In contrast with this and as illustrative of Mr. Slack’s opinion of varia- 
tions in the appearance of Linne (see post, p. 22) I quote the following passage 
from my note-hook under date 1867, July 8 : — 

The portion near the south border of the Mare Serenitatis was greatly in 
contrast with Linne and its neighbourhood. While the most minute furrow 
or cleft could have been seen near Sulpicius Gallus, liinne was so indistinct that 
nothing was visible except the spot of light, and this was quite undefined, so 
that any well-marked margin was invisible. Linne appeared as a light spot, 
brighter towards the centre.” 

On Oct. 17, to 15^, G. M. T., Mr. F. Bird, of Birmingham, observed the 
white spot but could not sec the small crater, nor any trace whatever of sha- 
dow, but he noticed that the place occupied by the small crater in July was 
in October unusually bright It is to be remarked that the state of the air 
was almost as bad as possible at the time, so that it is doubtful if the small 
crater was really replaced by the small bright spot. 

1867, Oct. 18, 16^ to 20^30“. Mr. Buckingham observed the white spot 
to be convex, 

Mr. Crossley on the same day saw the white spot as an irregular badly- 
defined patch, especially towards Bessel, on which side near the centre was 
the only shadow visible, which might have been the shadow of the supposed 
central peak from its position. 

Analogous Spots. 

The spot which, so far as I am aware, exhibits the closest analogy to 
Linne in its present state is IV A* lY A^^^ ; sec Keport, 1866, pp. 251, 
262 and 276, where it is simply recorded as a bright spot. 1867, May 11, 
8*^ 0“ to 8^ 30™, I record : — IV A“^^, TV A^^^ is a shallow crater on the 
8.W. side of the ridge forming the N.E. boundary of Hipparchus. 1867, 
Oct. 7, Rev. W. 0. Williams of Pwllheli recorded it as “very bright,” but 
said nothing of a crater. 

On Oct. 17, 13^ to 15*', G. M. T., Mr. Williams noticed it as a very con- 
spicuous crater, and on Oct. 18, 17*' to 19**, G. M. T., it was also very con- 
spicuous with a central cone casting a shadow. In preparing area IV Afi 
for engraving, I have met with a spot still more analogous to Linne. It is 
west of Horrox, is marked IV A^ , and will be fully described in the letter- 
press of IV A/5. 

Estimations and measures of the White Spot. 

Table I. contains estimations and measures of the extent of the white spot 
in seconds of arc, English feet, and French metres. Those marked (*) are 
measures, all at an angle of position =0°, except the measures by Mr. Huggins 
marked respectively (t) the length, and (%) the breadth of the white spot. 
The angles of position of these measures are not given. As the same angle 
of position gives a different line of measurement on the moon’s surface from 
day to day, the measures are not referable to the same line across the 
white spot. 

The number of English feet subtending an angle of 1"*0 at the centre of 
the moon’s disk at mean distance is 6116*7. At any given distance from the 
centre this quantity is increased in the proportion of the secant of the angle. 
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measuring the distance from the centre, which in the case of Liiine is equal 
to 29° 54' 40", therefore G116*7 x secant 20° 54' 40"= 7056*0 English feet, 
which subtend an angle of 1"*0 at the mean position of Linne ; but as this 
mean position may be cither at ])erigee or apogee, where the value of 1"*0 
may be greater or less, the above is the value at mean distance, which is 
never contemporaneous with mean libration. Hee Iteport, 1866, p. 245. 

The apparent sizes of objects on the moon’s disk are affected both by cJls- 
tance and libration. The former presents them alternately to the eye under 
larger and smaller angles, according as the moon is nearer to or further from 
us. The latter alters their iiositions on the disk, sometimes bringing them 
nearer to the apparent centre, at otliers removing them to a greater distance 
from it. Approximately, distance may affect the measurements of objects to 
an extent of about a 9th part of the greatest measures at* the epoch of mean 
libration ; for as mean libration may occur when the moon is in perigee, 
a measure taken at the time of apogee, when the moon is in a state of mean 
libration, will bo less by about the 9th part of a measure taken at perigee 
mean libration. 

Libration affects the measures of objects by presenting them under larger 
or smaller angles, according as they are nearer to or further from the centre 
of the apparent disk ; thus an object of 6116*7 English feet in diameter, 
occupying the centre of the disk at mean distance, would subtend an angle 
of 1"*0. At mean Libration, moon in Perigee, an object of the same ex- 
tent would subtend an angle of 1"’059 + ; moon in Apogee 0"*941. In the 
first case a similar object at an angular distance of 19° 54' 40" would appear 
foreshortened in a radial direction, the longer axis at right angles to a radius 
measuring 1"*059, the shorter axis 0"*996 ; the shorter axis of an object of 
the same diameter at a distance of 29° 54' 40" on the same radius would 
measure only 0"*918 ; the difference, 0"*078, is the change of angle arising 
from the displacement of such an object by libration (about the epoch of 
Perigee) equal to an arc on a radius of the moon’s apparent surface of 10°, i, e» 
between 20° and 30 ° ; on the opposite side of the orbit it is less. 


Table I. 


Estimations and measures of the extent of the w^hite spot on the Crater 
Linne reduced to 29° 54' 40"= angular distance from the moon’s centre. 


Authority. 

Epocli. 

Date. 

Secoiid.s. 

Eng. feet. 

Fr. metres. 

Schmidt... 

1866*794 

1866, Oct. 18 

II 

6 90 

48688 

14840 

Birt 

1866*953 

1866, Dec 15 

11 61 

81932 

24972 

Birt 

1866*961 

1866, „ 18 

707* 

49871 

1 5201 

Birt 

1866 964 

1866, „ 19 

7 32* 

51652 

15744 

Birt 

1 866*969 

1866, ,, 21 

6 75# 

47644 

14522 

Schmidt 

1866*986 

1866, ,, 27 

I 81 

12789 

3898 

Birt 

1867*036 

1867, Jan. 14 

7 95 * 

56105 

17100 

Buckingham 

1867*197 

1867, Mar. 14 

6 CO* 

42340 

12905 

Wolf 

1867-443 

1867, June 12 

4'50 

3^755 

9679 

Birt 

1867515 

1867, July 8 

5 ' 33 * 

37626 

11468 

Huggins 

1867*518 

1867, „ 9 

785* 

554 ^ 3 '*' 

16893 

Huggins 

1867*518 

1867, „ 9 

6*14* 

433 > 4 + 

13202 

Birt 

1867*518 

1867, „ 9 

7*00* 

49426 

15065 

Birt 

^867*520 

1867, „ 10 

5-36* 

37848 

11536 

Birt 

1867*528 

1867, „ 13 

631* 

445*8 

13572 
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Brightstess oe the Whitish Spot. 

Since Schmidt suspected a change in Linne he has recorded nine compari- 
sons of the brightness of Linne with that of the spot on the S.E. of Posi- 
donius marked y by B. <fe M. (see ante, p. 6). On seven occasions he found it 
less bright than y, viz, on 1866, l^ov. 17, 10, 22, 23, and 24; and 1867, 
Jan. 13 and 14§. On Dec. 16, 1806, he recorded it equal to y ; and on Dec. 
14, 1866, brighter than y. I also found it less bright than y on seven even- 
ings, viz. 1866, Dec. 19, 1867, Jan. 14 §, 15, Feb. 11, May 11 and 15, and 
Aug. 12. On May 17 and July 131 recorded it as equal to y, and brighter than 
y on March 14 and Aug. 10; on March 14 Mr. Buckingham estimated it as 
equal to y. The above are comparisons with y only, they give no informa- 
tion as to the degree of brightness with which Linne reflected the sun's light. 
The following are my estimations of tlie brightness of Linne, the scale being 
shadow=0°, the bright mountain in Aristarchus = 10°. 


1866, Dec. 14. 

o 

3*0 

1867, Jan. 

12. 

o 

3-0 

1867, July 

10. 

o 

4-5 

3 > 

15. 

3-5 

99 

14. 

4-0 

99 

13. 

5*0 

93 

18. 

5-5 

„ 

15. 

5*0 

Aug. 

10. 

4-0 

99 

19. 

5-0 

July 

8. 

3-0 

99 

12. 

6-0 

99 

21. 

4*0 

99 

0. 

4-0 





These numbers appear to indicate that between 1866, Dec. 14, and 1867, 
Aug. 12, Linne increased in brightness as the altitude of the sun increased. 

The following are estimations of the brightness of y Posidonius contempo- 
raneous with those of Linne. 


1866, Doc. 19. 1-1 1867, July 8. 5-0 

1867, July 13. 5*0 

„ 21. 4-5 

„ 9. 5-0 

Aug. 10. 3-9 

1867, Jan. 15. 5-5 

„ 10. 5-0 

„ 12. 6-2 

Observations were made on the 

evenings of 

Deo. 18 and 19, 1 866. with 

the view of confirming the estimations by comparison with other obiects. 

They were as follows : — 




Dec. 18. 

Dec ID. 

Proclus 

o 

. . . 9-0 

o 

9-0 

Censorinus . 

... 8-5 

9'0 

Dionysius . . . 

. .. 8-0 

8-5 

Conon 

, ... 7-0 

7*0 

Linne 

, ... 5-5 

5-0 

y Posidonius . 


5-1 

Bessel 

. . . 4’0 (ring) 4*5 


The similarity of appearance under high illumination exhibited by Linne 
and y Posidonius [I E® '^] is remarkable, especially as the two objects are so 
very dissimilar in character. The white spot on the site of Linne, so far as 
we know at present, differs, as we see it, very little, if any, in level from the 
surrounding surface of the Mare Serenitatis, Most of the former records place 
Linnd on or very near a ridge crossing the Mare Serenitatls. Since October 
16, 1806, the appearance of this ridge in the immediate neighbourhood of 
lAnne has not been recorded. On July 8, 1867, 1 have this note: — “The 
ridge between Linne and Sulpicius Callus quite perceptible, excejyt a small 
portion near lAnni:’ This ridge is of variable height, the shadows distinct, 

§ Indicates that Schmidt’s observation was contemporaneous with mine, — W. R. B. 
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especially of the highest part, a little south of Linn(5. I E® ^ [y Posidonius], 
when near the morning or evening terminator, shows itself as a distinct 
mountain peak of 160 toises, or 959*2 English feet in height. It is only 
when the sun attains a considerable altitude on y that it presents the same 
appearance as Linne, viz. that of a white diffused cloudy patch. Ho far as I 
am aware, it is only recently that this similarity of appearance between these 
objects has been observed. Although many mountains and craters lose their 
distinguishing features, and appear as round white spots when the sun is at 
a great altitude above their respective horizons, there are numerous craters 
that present the characteristic appearance of having a darh interior, sur- 
rounded by a bright ring under the more direct rays of the sun, when most 
mountains are seen as bright spots. 

Connected with the similarity of appearance under high illumination is 
another interesting feature characterizing Linne and y Posidonius [I E® 
viz. the existence during the period of observation, of crater- openings on 
both. Of that on Linne I E>' ^ we have numerous records. That on y [I E® 
is certainly smaller than I El' and has been seen only on five occasions. 
It was discovered 1867, January 14, by Mr. Knott, with his 7^-inch 0. G. 
by Alvan Clark. His own words will best describe the nature of the disco- 
very. Writing under date of March 3, 1867, he says, While observing 
Linne on the 14th of January, at about lO*' 30*" G. M. T., I had myself a 
strong impression of a darh spot, as described by Schmidt, but definition was 
so poor, and I saw, or fancied I saw, traces of a similar appearance on Posi- 
donius y, that I regarded it as an illusion, and made no note of it at the 
time. I could not, however, free my mind from the idea that there might he 
something in it, and accordingly, two days afterwards, I added the following 
note, which I transcribe verbatim : — 

I had a very strong impression, with various eyepieces, of a small cen- 
tral dark spot on the diffused patch covering (?) Linne, so strong that I 
inclined to regard it as having a real existence ; as, however, I saw a similar 
appearance, though not nearly so strongly marhed, on y [Posidonius], I can 
only regard it as a curious optical illusion.’’ — Note added January 16, 1867. 

This dark spot on y Posidonius was next seen by Mr. Buckingham on the 
11th of April, 1867. His observation is thus recorded : — 

“ 1867, April 11, 6** to 10** 59‘". Air very steady, but slightly hazy, and 
found y Posidonius a fine crater, 0"-5, seen well with 360 and higher, 
clearly with 250, but could not with 120.” 

1867, May 11. Herr Bchmidt recorded as follows : — I also see a deli- 
cate black point in y Posidonius ”. 

1867, Oct. 16. Mr. Buckingham saw and described it as very black. 

1867, Dec. 4, 7** 30”*, G. M. T. Mr. Knott records that it was well seen*. 

The increase of the brightness of Linne as the sun attains a greater alti- 
tude above its horizon, especially as y Posidonius does not exhibit it in so 
marked a degree, may bear a passing remark without at all hazarding an 

♦ About the middle of January 1866, Mr. Leigh, then of Birkenhead, now of War- 
rington, detected a curious group of three small craters and three small mountains north 
of Aristoteles, which is figured by Webb in the ‘ Intellectual Observer,’ No. 60. vol. x. 
Jan. 1867, p.441. April 11, 1867, Webb detected on the western of the three mountains 
a shallow pit (I I‘ 7) (see ‘ Intellectual Observer,’ No. 64. vol. xi. May 1867, p. 282). Webb 
lidd previously (18()6, April 21) detected a cavity or pit (I I*^'*) on the western mountain 
of B. & M.’s r north of Aristoteles, which was extremely plain on April 11, 1867. In 
connexion with the phenomena pre&ented by Linn6, the value of observations of these and 
similar obiects is obvious. 
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opinion as to change. Varying angles of illumination appear to affect objects 
on the moon’s surface differently ; for example, under an oblique illumination, 
when the sun shines more directly on the steep sloping sides of some craters, 
they appear very bright ; this brightness arises from two circumstances, viz. 
the nature of the surface of the sloping sides, and the angle of illumination 
upon them being more direct ; this of itself will make a difference in the 
brightness (when no real difference exists in the reflective power of the in- 
terior and exterior surfaces) at the times of sun-rising and setting ; as the 
sun rises higher above the horizon the brilliancy from this cause declines. 
The variations in the brilliancy of Linne, y Posidonius, and other-spots which 
are similarly aflected, do not appear to be produced in the same manner. 
The difference arising from elevation in the case of Linne (if it exists) seems 
to be too slight to occasion any appreciable effect. The gradual brightening 
of such spots as Linne, especially when situated on a ground which darhem 
under the more direct rays of the sun, appears to point to something in the 
nature of the surface of the spot — as contrasted with that of the surrounding 
surface — on which the sun’s rays exert an influence, rendering it, for the time 
being, capable of reflecting a greater amount of light. While there is a more 
or less constant relation between reflective power and angle of illumination, 
the recorded differences of reflective power under the same angles of illumina- 
tion, would indicate that these differences depend upon other circumstances 
than increase and decrease of illuminating angle. The phenomena presented 
by Linne during the last twelve months are strikingly in contrast with those 
presented by Plato, as observed hy me between 1859 and 1803. Linne is 
faint under oblique rays, bright under those that are more direct. Plato re- 
flects more light under oblique, and less under more direct rays, i, e. the sur- 
face is of a darker tint under a higher angle of illumination. 

The Shallow Ciiateji. 

This object, of which no measures exist, has not been previously recorded, 
unless Bchrbter’s description of the spot v refers to it (see ante, pp. 3 & 4). 
His language is, however, rather ambiguous, and it is doubtful as to whether 
he describes a jdain on the same level as the adjacent surface of the Mare 
^erenitatis, or one bounded by a low wall which did not rise above the sur- 
rounding level. It appears that he did not determine the precise nature of 
the spot V. Schrotcr’s description is quite irreconcileable with the appearance 
of Linne as given by Lohrmann and by Beer and Madler. 

Observations of the Shallow Crater. — These have ])een but few, as 
under : — 

1. 1867, Jan. 12. Mr. Knott, 7^ Alvan Clark, Dawes’s eyepiece, powers 
145 and 240, saw the Ghost” of the ring of Linne. His observation is 
recorded as follows, January 12, 6^* 40"“ to 7^ 15"“, G. M. T. : — 

“ I saw clearly the ^ Ghont^ of the ring of Linne. * * * It is broader (and 
brighter ?) on the western side. The shading in the interior is of about equal 
intensity with that of the surrounding Mare, I do not see any real interior or 
exterior shadow, though the shadows in neighbouring craters, even those of 
very small dimensions, are very distinct. The ring or wall of the crater has 
a slightly nebulous appearance, and is in brightness barely equal to that of 
the knoll on the Mare east of Posidonius, marked y on B. M.’s large map. 
Its diameter is, to my eye, less than that of Sulpicius Gallus.” — Astronomi- 
cal Eegister, No. 50, Eeb. 1867, p. 33. 

2. Jan. 12, Mr. Buckinoiiam saw, in moments of quiet air and good de- 
finition, a very shallow depression all over the enlightened spot of Linne, 
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except on tlie south-west, where an elevation could he seen brighter than 
other parts ” 

3. Jan. 12, 5.15 p.m. The Eev. Henry Cooper Key examined Linnd 
with his silvered glass reflector of 12 inches aperture. He says “ the air was 
very tremulous (the temperature had fallen to 22°) ; but stiU definition was 
fairly sharp with powers of 250 and 300. At first the appearance was cer- 
tainly that of a whitish cloud obscuring the crater ; but upon long gazing 
and using averted vision, I could plainly make out a centre or nucleus, and 
presently afterwards a marginal ring of perhaps twice the diameter of the 
original Linne.” — Astronomical Eegister, No. 50, Feb. 1867, p. 33. 

4. Feb. 14. Mr. Grover, with a 2-foot Gregorian Eeflector, 4-in. aper- 
ture, powers 50 to 75, saw the ring of Liime faint, plainest on the preceding 
side, very obscure on the following. His observation is thus recorded : — 

“ I saw the ring of Linnc with certainty, though but faint ; it was much 
the plainest on the preceding side, and I was tolerably certain of an interior 
shadow ; be this as it may, the interior floor was certainly seen, and very 
dusky, * * the following side of the object is very ol)scure.” 

5. April 11. llev. T. W. Webb saw the ring faintly. He says, ‘‘With 
close attention I once or twice thought I saw the ‘ Ghost,’ described by Mr. 
Knott as a pale ring, about as largo perhaps as that figured by 11 and M., a 
little brighter than the included or exterior surface.” — Intellectual Observer, 
No. 64, May 1867, p. 282. 

6. May 10. M. Eespioki. — L es Mondes, 13 Juin 1867. “Dans certains 
moments oii Fair etait parfaitement tranquille, Ic contour de la tache blanche 
paraissait forme par le couronnement d’un grand cratere it petite profondeur. 
Le bord de la taclio paraissait mieux defini du cote oriental que dans Ics 
autres parties, et avee quelque trace d’ombre.” 

Transhtion. — In certain moments, when the air was perfectly tranquil, the 
contour of the white spot appeared formed by the crown of a large crater of 
little depth. The border of the spot appeared better defined on the eastern 
side than on the other parts, with some trace of a shadow. 

7. July 8. Mr. Huooins. “ On the evening of July 8, when a great part 
of the light reflected from our atmosphere was removed by means of a NicoFs 
prism placed next the eye, I observed a shadow within the western margin 
of the shallow crater.” — Monthly Notices, vol. xxvii. p. 296. 

8. Oct. 18, 16*' 30'“.' Mr. liucKiNGnAM saw several small projecting points 
of the old ring, and describes the ring-summit of the white spot as venj white, 

9. Nov. 3, 5‘* 5™. L.M.T. Marcsficld, Sussex. Capt. Noble saw the shallow 
crater complete. The following is an extract from his note-book : — • 

“ For the first time I see Linne unraistakeably as a crater, with an un- 
doubted depression in the interior of the ring. The bottom of the crater is 
very light, in fact practically identical in tint with the surrounding Mare ; 
but Linnaeus is a Hng surely enough ^ ^ It has a good deal of the effect 

of the annular nebula (57 M) in Lyra. The S.W. part of the ring is the 
thickest portion of it. I first detected these appearances with a power of 
154, and subsequently used one of 255 ; but this only rendered them more 
indubitable. Nothing resembling the dark spot seen by Mr. Huggins on the 
11th of last May (Monthly Notices, vol. xxvii. p. 296) could be detected.” 

10. Nov. 3, 5*^ SO*". Mr. C. L. Prince, of Uckfield, saw the large sliallow 
crater of Linne well defined^ and the smaller crater as a black point. The 
observation is thus recorded : — 


♦ See ante, p. 8, 1867, Oct. 18, when Mr. Buckingham saw the white spot convex. 
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Nov. 3. Upon looking at the moon this evening I saw linne as a well- 
defined crater, with little of that cloudy haziness which has lately supervened 
it ; also by glimpses I saw a dark line (as if a shadow) on the side next the 
sun, and within the crater. Saw also the smaller crater as a black point.” 

Mr. Prince adds, On the following evening the cloudy spot had completely 
obscured the crater again. I could not detect any crater 

11. 1867, Dec. 3, 5!^ 0™. Messrs. Jorasox and Williams, of Liverpool, 
saw the shallow crater. The record of the observation is as follows ; — The 
^ shallow ’ oval crater was quite distinct, and south preceding there appeared 
to be the commencement of another (see ante, p. 7, Aug. 6, 8^). The thin 
black line of shadow was well defined ; but the impression given was that 
the hill is either very low and rounded, or, if not low, that the sides are of a 
very gradual ascent. The ‘ small ’ crater could not be seen.” 

The Small Crater. 

There is no record whatever of this object as a crater until 1867, Feb. 11. 
As a white hill or hlach iwint it appears to have been noticed about two months 
earlier. From the time when Herr Schmidt suspected that a change had 
taken place in Linne until December 13, 1866, nothing was seen but the 
large white spot. On this day Schmidt discovered a delicate shadow-project- 
ing hiU. The next evening, December 14, Mr. Buckingham saw a shadow, 
or very black point. Dec. 26, and 1867, Jan. 25, Schmidt again saw these 
objects ; and on Feb. 11, 1867, Secchi found a small crater. During March, 
April, May, June, and July, this small crater was seen by several observers, and 
estimates of its diameter given. On July 9 its diameter was measured by Mr. 
Huggins. The following are the most important observations of this object ; — 
1866, Dec. 13. [Herr Schmidt.] Abends. Luft mitunter recht gut. 
Die zunehmende Phase hatte soeben den Linne uberschritten. An seiner 
Stelle war Anfangs nicht der geringste Gegei^stand zu entdecken, obgleich die 
dortigen feinen, 10-30 Toisen hohen Adern sich eben so deutlich darstellten, 
als die kleinen Crater im Nordwesten. Untcr Anwendung einer 300-maligen 
Vergrdsserung bemerkte ich am Orte des Linne, der sich nicht durch helleres 
Licht auszeichnete, emen ausserst feinen schattenwerfenden Hiigel, fiir den 
eine sorgfaltige Schiitzung 300 Toisen Durchmesser, und 5-6 Toisen Hohe 
ergab. Gegen 6 Uhr betrug die Sonnenhohe fur den Horizont des Linne 1| 
Grad. Weder innerer noch aiisserer Schatten war sichtbar ; das ganze Crater- 
gebirge fehlte durchaiis, und ich sah nur glatte graue Ebenc.” 

Translation. — Dec. 13, evening. Air at times very good. The morning 
terminator had just passed over Linne. At first there was not the smallest 
object to be discovered in its place, although the delicate ridges about, of 
from 1 0-30 toises in height (between 60 and 200 English feet), were clearly 
visible, as well as the small craters in the N.W. By applying a power of 
300, 1 remarked in the j)lace of Linne, which did not show itself distinctly 
through the brighter light, an extremely delicate shadow-projecting hill, for 
which a careful estimation gave a diameter of 300 toises (about 1918 English 
feet), and a height of 5-6 toises (between 30 and 40 English feet). Towards 
6 o’clock, the sun’s altitude for the horizon of Linne amounted to 1°*5. 
Neither interior nor exterior shadow was visible ; the whole crater-mountain 
was entirely wanting, and I saw only a smooth grey plain. 

1866, Dec. 14. Mr. BtrcKixGHAM. 6^ to 7^, equatoreal 9 inches aperture, 
power 240 and 361. Mr. Macgull of Glasgow present. Air unsteady, but 

* 1867, Nov. 3, 8^ 30“. Mr. Lockyer found Linn4 very difficult to see. It was only 
a whit© patch. — ^Astronomical Kegister, No. CO, Dec. 1867, "p. 254. 
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occasionally could see a shadow very black near the centre of Linne. Either 
in the crater, or it might be the shadow of a very small peak, very white. 
Several times distinctly seen on the W. part of the centre of Linne (not at the 
edge), but no appearance of usual crater or shadow ; the shadow seen was a 
black but not round spot, but longer N. and S.” 

“ 1866, Dec. 26. [Herr Schmidt.] Von 12-16 Uhr. Vorziiglich klare, ganz 
stille Liift, so dass ich die starksten Ocularo anwenden konnte. Die Phase 
beriihrte den Westrand des Mare Serenitatis ; da y Posidonius, der Phase nahe, 
Schatten warf, und also nicht mohr als Lichtfleck erschien, konnte er 
nicht mehr mit Linne verglichen werden. Im Mare zahlte ich iiber 100 
Crater, darunter nordwestlich von Linne deren siebon fast in einer Eeihe, die 
schon Schrdter am 27 fiissigen llcflcctor bemerkt hattc. Aber auch jetzt war 
Linne oin gewohnlicher Lichtfleck von gcringer Augenfalligkeit. Yon 14 
16 Uhr sah ich in ihm mit 500-600-maligen Ycrgrdsserung, einon ausserst 


feinen schwarzen Pimkt, don ich 



schatzte, aber 


was 


auf einen wahren Durchmesser von 265 Toisen fiihrt. Entweder war es der 
Schatten cines sehr kleinen Hiigels, oder dor Pest des ehemals 5700 Toisen 
breiten Craters. Die Hdho der Sonne fur dicse Gegend war jetzt =:15®'9.’’ 

Translation. — Dec. 26. From 12^' to 1 6^* particularly clear and perfectly 
still atmosphere, so that I could use the most powerful eyepieces. The ter- 
minator was in contact with the western edge of the Mare Serenitatis. As y 
Posidonius, being near the terminator, threw a shadow, it could no longer be 
compared with Linne. In the Mare I counted more than 100 craters, 
several N.W. of Linne, seven of them almost in a row, which Schroter had 
already noticed with the 27~feet reflector. Put even now Linne was an ordi- 
nary spot of light, but little conspicuous. From 14^’ 30"' to 16^ O'" I saw in it 
with a power of 500-600 an extremely doheate black point, which I estimated 


as equal to 


( Bessel\ 


which indicates a real diameter of 265 


toises (1695 English feet). It was either the shadow of a very small hill, 
or the remainder of the crater, 5700 toises (36,449 English feet) wide. The 
height of the sun at this region was 15® 9'. 


^ As illustrative of Herr Schmidt’s estimations of heights the reader is referred to B. and 

M. ’s method, as describedin ‘ Der Mond,’ § 6.5, p. 98, a translation of which, bj W. T. Lynn, 
Esq., is as follows: — “To measure and calculate the heights of all the mountains in the 
moon which, under favourable circumstances, throw perceptible shadows, would not only 
be inconceivably tedious and troublesome, but, besides this, the desired degree of ac- 
curacy would still, in the majority of cases, not be attained, because the shadows are too 
short. But when an observer has acquired sufficient practice by repeated measurements 
under different angles of illumination, he may use one measured mountain (selecting 
one as high as possible) as a standard of estimation for others lying in its neighbour- 
hood, especially when they are nearly the same distance from the terminator. Pos- 
sessed of some practice in eye-estimations, he will easily be able to find how many times 
the length of a small shadow is contained in the greater one formed by the principal 
mountain. Thus it was estimated on the 17lh of March, 1834, that tlie shadow of the 

N. W. wall of Egede was equal to of the shadow of the wall of Eudoxus, the height 
of which latter was detcrmiiu'd by calculation to be 1627 toises. Egede is situated in the 
neighbourhood of Eudoxus, and its distance from the terminator was then that of Eu- 
doxus, so that approximately the height of its N.W. wall was X ^ X 1627 =54 toises above 
the interior surface. In this, or a similar manner, have many of the elevations given in 
the topographical description been determined ; those actually calculated according to the 
above formulic are set down in § 67 following.” 

Herr Schmidt, speaking of tins mctliod in a letter to Mr. Lynn, says, “ Such estima- 
tions are very accurate, and between hills of the height of 50-200 toises which have been 
measured, differences of elevation of 5 or 6 toises can, when close to the terminator, be sa- 
tisfactorily and certainly estimated.” 
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1866, Dec. 27. [Herr Schmidt,] Von 13 bis 19 IJhr. Luft sehr Etill, 
aber nur zeitweilig ganz dunstfrei. Anfangs zog die Licbtgrenze iiber 
Bessel, zuletzt war am Linne die Sonncnhdho nur noch 3°. Heine Spur eines 
Craters erschien, kein Schatten, weder innen noch aussen an dem unbedeu- 
tenden, matten Lichtfleck dessen jetzt sehr verringerter Durchmesser nur 
etwa noch 2000 Toisen haltcn mochtc. Der gestern in ihm sichtbare sehr 
kleine schwarzo Punkt fchlte hcute. Es war also nicht der Schatten eines 
Hiigels, der heute viel grosser hatte erscheinen miissen.’’ 

Translation. — Dec. 27, from 13^ to 19^‘, Air very stiU, but only occa- 
sionally quite free from mist. At first the terminator passed over Bessel, 
afterwards the sun’s height at Linne was at the most 3°. There appeared 
no trace of a crater, no shadow, cither within or without the inconsiderable 
faint spot of light, of which the now much diminished diameter might mea- 
sure only about 2000 toises (12,789 Eng. feet). The very small black point 
visible in it yesterday was wanting to-day. It was thel’efore not the shadow 
of a hill, which would have appeared much greater to-day. 

1867, Jan. 12. Mr. Buckingham saw an elevation on the S.W., in the 
shallow crater, brighter than other parts. See ante^ pp. 12, 13. 

‘‘1867. Jan. 25. [Herr Schmidt.] 13’*-5-1G*''5. Luft besonders gut. 
Sonnenhohe nur noch 12°~13°. Linne ein matter Lichtfleck. Aber an 500- 
maliger Vcrgrdsseruiig zeigt sich mitten eiii aiisserst feiner schwarzer Punkt, 
und ostlich daneben eine sehr feine, weisse Kuppe. Beide im Durchmesser 
respective 200 und 300 Toisen. Koine Spur eines Craters, wie solchc in schar- 
fen For men fiber all im Marc zu schen sind. Auch der westlichc matte Facher 
am Linne noch kenntlich.” 

Translation. — Jan. 25, 13*' 30*”-16‘' 30'". Air particularly good. Sun’s 
height still oiilj' 1 2°-l 3°. Linne a faint spot of light,* but with a power of 
500 there appeared within an extremely delicate black point, and east of 
that, close to it, a very fine white summit. The respective diameters of the 
two 200 and 300 toises (1279 and 1918 Eng. feet). Ko trace of a crater, as 
such are to be seen generally in the Mare in sharp forms. The westerly 
faint fan of light in Linne is also still discernible. 

During the interval between Jan. 25 and Aug. 20 Herr Schmidt appears 
to have seen the cone only, which he describes as a hill, and not the orifice 
which he had formerly seen and described as a fine black point. 

“ 1807, Feb. 10. Ganz unruhige Luft am 9". Linne in der Liclitcjrenze 
erscheint als sehr feiner Hfigel, viel kleiner als die Nachbar-Crater gegen 
KW.’’ 

Translation. — 1867, Feb. 10. The air very much disturbed. About 9 
o’clock Linne, on the terminator, appeared as a very delicate hill, much 
smaller than the neighbouring craters tow-ards the K.W. 

“ 1867, Feb. 11. Sonne Hohe fur Linne =12® Keine Spur eines Craters; eine 
gewohnliche matte Wolke, darin ein sehr feiner Hiigcl, noch mit Schatten.” 

Translation. — 1867, Feb. 11. Sun’s altitude at Linne=12°. No trace of a 
crater ; an ordinary faint cloud, in which is a very delicate hill, still having 
a shadow. 

Herr Schmidt adds this note : — “Yon dieser Art sind alle hiesigen spatern 
Beobachtungen. Wenn Andere jetzt noch behaupten dass sie am Orte des 
Linne einen Crater sehen, so zeigt es inir dass sie den Ort des Linne fiber- 
haupt ganz verhehlt haben, oder falls sie einen sehr f einen Crater am Orte 
des Linne sehen, dieser Umstand meinc Beweisfuhrung nur bestiitigen kann. 
Linnet war friiher ein bedeutender Crater, der dritt-grosstcr im Mare, nach 
Bessel und Gallus,” 
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Tramlatlon, — Of this kind are all the more recent observations at this 
place. If other persons now still assert that they see a crater in the idaco of 
Linne, this only proves to mo that they have quite missed its place ; or, in 
case they do see a very ddkate crater in the place of Linne, this circum- 
stance can only confirm the fact brought forward by me. Linne was for- 
merly a considerable crater, the third in magnitude in the Mare, next after 
Bessel and Gallus. 

1867, Feb. 11. [Padre Secchi.] Lc 11, au soir, Linne etait deja assez 
avance dans la liimiere et ^ 7 heurcs on voyait nettement un tres petit 
cratere environne d’une eclatant aureole blanche qui brillait franchemcnt 
surle fond sombre duM. Serenitatis. Le grandeur de rorifice dii eraterc elait 
de ^ de seconde au plus, et Faureole etait un pen plus large que Sulpichis 
Oallus .^^ — Comptes Rendus, tom. Ixiv. 25 Fevrier, p. 345. ' 

Translation. — On the 1 1th, in the evening, Linne had already advanced 
into the light, and at 7 o’clock a very small crater was distinctly seen, sur- 
rounded by a brilliant white aureole, which glittered against the dark ground 
of the Mare Serenitatis. The size of the orifice of the crater was at most i 
of a second, and the aureole was a little larger than Sulpicius Gallus. 

1867, March 14. Mr. Buckingham measured the ‘‘ cloudy bright patch,” 
and found it to be 6" in diameter. He saw into the small crater, which he 
estimated to be equal to the largest on and near to the centre of Plato. He 
saw a slight shadow within the crater on the west side. 

1867, March 15. Mr. Dvavj.s, with power 160 on his 8-inch Cooke, saw 
^^an excessively minute hlacJc dot in the middle of LinnL^^ 

1867, March 15. Mr. Buckingham again saw the small crater without the 
shadow seen on March 14. 

1867, April 10. Respighi saw at sunrise on Linne, and precisely at its 
place, a brilliant spot or point entirely isolated on an obscure ground. 

186^, April 11. The small crater on Linne was seen by Messrs. 

Respighi. 

Buckingham, west of the centre, with the cone leading to it. 

Webb, who saw the ring of the shallow crater faintly, not at the same 
time that he saw the small crater, but only in a few doubtful glimpses. 

Huggins, but only its bright west margin. 

Dawes, who saw the dark spot and bright west edge. Mr. Dawes says, 
“ On the west side there is a little curved edge which looked slightly 
raised like the edge of a crater.” 

April 12. Mr. Carpenter, with the Great Equatoreal at the Royal Obser- 
vatory, Greenwich, saw a crater which he has drawn as on the site of Linne, 
surrounded by the aureole as described by Secchi. 

In the suitable and favourable evenings of April and May 1867, Pro- 
fessors D^ Arrest and Schjellerup saw the crater opening in the middle of 
the large bright and somewhat diffused spot, and estimated the diameter of 
the circular shadow at not more than 0"*9, at the most 1"*1. Prof. Schjel- 
lerup adds, I will just remark that the crater- opening is not nearly so stri- 
king as might be supposed from Mr. Huggins’s drawing in the June Number 
of the Monthly Notices.” 

1867, May 10. Schmidt saw, in place of the small crater, an enlightened 
mountain^ or bright shadow-projecting hill, half the size of the next neigh- 
bouring crater on the north-west (Linne A, B. & M. ; IE *), of 0"*45 

* B. and M. assign a brightness of 5° to this crater, and delineate it as larger than the 
northern of the three craters N.W. of Linn6, which they do not notice in their text. A 
is now smaller than the northern crater, and on the evening of Deo. 7} 1867, it was scarcely 

1867, 0 
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diameter, or 600 toises* (3200 Eng. feet), and 80-90 toises (between 500 
and 600 Eng, feet) high ?Les Monies, 1st Aout 1867, p. 566). Also, in a 
letter to W. T. Lynn, Esq.t, ho says, ** 1867, Mai 10. Phase diirch 
Calippus und Hadley. Fiir linn^ stand also die Sonne erst wenige Grade 
hoch, Linne sehr verandert, an seinem Orte ein anffallend heller Schatten- 
werfender Hiigel halb so gross als der erste nordwestlich benachbarte Crater. 
Es ist sicher eine neue Yeranderung eingetreten.’’ 

Translation . — The terminator through Calippus and Hadley. On Linne 
the sun was therefore only a few degrees high. Linne was much altered ; in 
its place a remarkable bright hiU casting a shadow, half as large as the 
nearest crater on the north-west [I E^ ^]. A new change has undoubtedly 
taken place. 

1867, May 10. Eespighi saw the little crater on an obscure ground. In 
his risume of his observations, Eespighi assigns a diameter of 4"’0 to this 
crater and a great depth. 

1867, May 10. Mr. Ingall, with a 4-5-inch Dialyte, power 200, saw the 
small crater very faint, only as an ^ aspect’ or ‘ idea’ of a small crater in the 
centre.” 

‘‘ 1867, Mai 11. Schmidt. Linne als weisse Wolke: darin ein feiner weisser 
schatten-werfender Punkt, ohne der gestrige Hiigel. Auch in y Posidonius 
sehe ich einen feinen schwarzen Punkt.” 

Translation . — Linne like a white cloud : in it a delicate white point casting 
a shadow, without the hill noticed yesterday. I also see a delicate b^ack 
point in y Posidonius. 

1867, May 11. The small crater was seen by Messrs. 

Knott, with interior shadow intensely hlacTc. 

Huggins, very sharply defined. In centre nearly, but rather nearer 
the west margin. Mr. Huggins adds, ‘‘The appearance suggested 
that the bright walls of the crater were a little elevated above the 
‘ nebulous light.’ ” 

Mr. Huggins’s observations, with engraving of the white spot and crater- 
opening, will be found in the Monthly Notices of the Eoyal Astronomical 
Society, vol. xxvii. pp. 296 to 298. 

1867, eTuni 9. [Schmidt] Linne eine unscheinbare lichtwolke : in ihr, 
etwas westlich, ein feiner hellerer Hiigel, fast schon ohne Schattenspur.” 

Translation . — Linne an insignificant light cloud : in it, somewhat west- 
erly, a delicate brightish hill, now almost without trace of shadow. 

1867, June 9 & 10. Messrs Browning and Barnes, with a silvered glass 
reflector {WitK) 8|-inch aperture, power 225?, saw a white nucleus on Linne, 
which Mr. Browning regarded as a Jiill. 


brighter than the adjacent surface of the M. Serenitatis. I recorded its brightness as 3°*1, 
that of the northern crater being 5°, See also Schmidt’s observations on Aug. 20, 
pp. 19, 20. 

* On Jan. 25, Herr Schmidt recorded a delicate black point, and east of, and close to 
it, a fine white summit. The diameters of these he respectively estimated at 200 and 
300 toises ; he did not give the height of the sumnnt. Linn6 at the time being under the 
evening illumination, the positions of these objects were such as a small crater would 
present, the enlightened exterior rim being east of the dark spot. If the objects were the 
interior and rim of the crater seen afterwards by Secchi, and recorded os a remarkable 
hill by Schmidt on May 10, Schmidt’s estimates on Jan. 25 and May 10 agree as to the 
diameter of the crat^er. This diameter, up to May 10, appears, from Schmidt’s and 
Seoebi’s estimates, to have been under 0"'5. 

t All the following remarks by Herr Schmidt are taken from that letter, which bears 
dutGf Athens, 1867, August 23. 
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1867, June 10. Wolf saw the little crater very distinctly ; he speaks of 
it as very deep. Messrs. Dawes and Knott also saw it on this day. 

1867, June 12. Wolf estimated the diameter of the little crater at 1"*0, or 
a little less. 

1867, Juli 8, 8“. [Schmidt.] Luft nicht still. Linnc ein sehr kleiner deut- 
licher Hugcl mit Schattenspai% diam. ^ des nordwestlichen Craternachbars/’ 

Translation.—lS^l, July 8, S\ Air disturbed. Linne a very small 
distinct hill, with trace of shadow, | diameter of the neighbouring crater on 

the north-west [I ^]. 

Herr Schmidt adds this note : — ‘‘ Mit sehr miichtigerm Eernrohr und bei 
guter Luft wiirde man viel meJir gosolion haben ; vielleicht Spuren des alten 
Ch^aterwalls. Phase sehr gunstig.^' 

Translation . — Much more would have doubtless been seen with a much 
more powerful telescope and still atmosphere ; perhaps traces of the old crater- 
wall. Position of the terminator very favourable. 

1867, July 9. The small crater was seen by Messrs. Huggins and Bied. 
Mr. Huggins measured its diameter and found found it 1"*71. 

‘‘ 1 867, Juli 12 [Qy. 22]"' , 15“. [Schmidt] Selir unruhige Luft. Linne genau 
in der abnehmenden Phase ; ein isolirter kleiner Punkt, d. h. ein ganz un- 
bedoutender Hugel.’^ 

Translatien.’^^Mlj 22, 1 5^'. Air much disturbed. Linne exactly on the 
evening terminator ; an isolated small point ; that is, an utterly insignificant 
hill. 

1867, July 22. Tpmpel. Den Crater Linne habe ich am 22 Juli beobachtet. 
Es scheint alsliabe sicb der kleinc Crater ausgefullt ; ja esist jetzt sogar eine 
kleinc Anhohe, ein kleiner ruiidcr Bergkegclan dessen Stclle sichtbar. Die 
angewandte Yergrosserung war eine 300-malige und dieNacht sehr rein.^ — 
Astronomische Naclirichtcn, No. 1656. 

Translation. — 1 observed the crater Linne on the 22nd of July. It 
appears as if the small crater was filled up; nay, there is now a small eleva- 
tion, a small round conical hill in its place. The power used was 300 and 

the night very fine. . 

“ 1867, August 7, 6«*5-8“*5. [Schmidt.] Luft sehr unruhig : Phase hei 
Aristillus. Linne ein unhedeutender Liehtfleck, darin ein feiner Hugel von 
V bis 2" diam.’’ 

Translation. Aug. 7, 6^'5~8’'*5. Air much disturbed ; terminator over 

Aristillus. Linne an insignificant spot of light : in it a delicate hill from 
1" to 2" in diameter. 

1807, Aug. 20. Terminator bisecting Bessel. Mr. Buckingham observed 
the cone very distinctly, it projected a short shadow towards the W. Ihe 
following measures were taken : — * 

Dark interior of the crater, mean of 8 measures 0|'-64 

Exterior base of the cone, mean of 7 measures .... 2" *35 

Aug. 20, 11^' und 15‘\ [Herr Schmidt.] Luft unruhig. Abnehmendc 
Phase iiber Bessel. Linne ein matter Liehtfleck, etwas kleiner als der Crater 
S. Callus: der wcstlichc hiigelartigc Kern der Lichtwolke S. Gallus. 
Die nordwestlich von Linnd liegenden Crater hatten schon aussere Sehatten. 
Der suclliche dieser Crater war auffallend klein : kaum | vom nordlichen 
Nachbar.” 


* At 15**, Athens mean time of the 22nd July, Linn^ would bo close on the evening 

terminator. ^ 
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Translation, — Aug. 20, ll*^audl5’‘. Air disturbed. E\ening terminator 
over Bessel. Linne a faint spot of light somewhat smaller than the crater 
S. Gallus. The westerly hill-like nucleus of the light cloud = S. Gallus. 
The craters situated on the north-west of Linne had already exterior shadows. 
The southern of these craters [lE^^J was remarkably small, scarcely | of its 
northern neighbour. 

1867, Sept. 18, 16^. Mr. Carpenter, of the Royal Observatory, Green- 
wich, observed the small crater with the great Equatoreal. His record is as 
follows : — “ The definition was very good indeed : the crater-form distinctly 
visible : there was a delicate line of light running round the interior shadow, 
indicating the slightly elevated nature of the crater.’’ 

1867. l^ov. 3, 5^ 30’". Mr. Prince saw the small crater as a black point. 
See ante, p. 13. 

1867, Dec. 4, V*’ SO*", G.M.T. Mr. Knott had a very fair view of the small 
crater. The atmosphere was too unsteady to set the wires, but from the 
known thickness of the webs Mr. Knott estimated the diameter to be about 

l'-5. 

Projection op the Yalttes in Table II. 

D J r M A M J J 

0 80 60 90 120 l .')0 180 210 



The vertical lines represent intervals of 30 days; the horizontal, incre- 
ments of 0"*5. Respighi’s estimate, 4"*0, is not connected with the curve, 
as it does not fall in with the other estimates. 

In the following Table the estimations of Schmidt on Dec. 13, 1866, and Jan. 
25, 1867, were of the shadow-projecting hill and the fine black point (see 
foot-note on p. 18). These features wore also seen by Buckingham. After 
Feb. 11, the smaU crater was the object generally observed. The exact date 
of Respighi’s estimate is not given. 
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Table II. 


Estimations and measures of the diameter of the small crater reduced to 
29° 54' 40 ' = angular distance from the moon’s centre. 


Authority. 

Epoch. 

Hate. 

Seconds. 

Eng. feet. 

Fr. metres. 

Schmidt 

1866*947 

1866, Hoc. 

13 

0*27 

1918 

5»47 

Schmidt 

1866*983 

j866, „ 

26 

0*24 

169s 

516-5 

Schmidt 

1867*066 

1867, Jan 

25 

0*18 

1279 

389-8 

Schmidt 

1867*066 

1867, „ 

25 

0*27 

1918 

5*47 

Secchi 

1867*112 

1867, Feb. 

11 

0*33 

2352 

716-9 

Schmidt 

i* 67'353 

1867, May 

10 

0*45 

3197 

974'4 

Respighi 

Wolf 




4*00 

28226 

8603*4 

1867-443 

1867, June 

12 

1*00 

7057 

2150*9 

Huggins 

1867*518 

1867, July 

9 1 

1*71 

12067 

3678*0 

Buckingham 

1867*632 

1867, Aug. 

20 

i 0-64* 

4516 

1376*6 

Buckingham 

1867*632 

1867, „ 

20 I 

1 2 35 f 

16583 

5054-5 


Opinions. 

In the preceding parts of this Appendix facts (as given by observation) 
only are mentioned. Since Schmidt’s announcement of change several 
opinions have been expressed on the phenomena observed. It is manifestly 
desirable to avoid hazarding an opinion until the observations on the one 
hand have become sufficiently numerous to afford a solid basis on which to 
found a conclusion, and on the other have been so arranged and discussed 
that that conclusion may itself partake of the nature of a more general fact. 
Nevertheless, as the opinions that have been published may assist (in 
connexion with the observations) in arriving at a safe and general conclusion, 
they are given in the order in which they refer either to the early or recent 
observations. 


Opinions of the White Spot in Schroter’s time. 

Eor Schroter’s description of the spot v, see ante, pp. 3 and 4. 

Mr. Huggins seems to regard this description as closely agreeing with the 
appearance of Linne at the present time, with the exception of the interior 
crater. — Monthly Notices, vol. xxvii. p. 298. 

Professors D’ Arrest and Schjellerup agree with Mr. Huggins. — Astro- 
nomischc Nachrichten, No. 1055. 

Schmidt. “Her klcine Crater v dasclbst entspricht am nachsten dem Orte 
des Linne.” 

Translation , — The small crater v corresponds nearest to the place of Linne. 

Eespight. ‘^11 est positif que Schrdter, dans scs Selenotopographische 
Fragments, Table IX., rejiresente ect objet avec unc tache blanche, d’un dia- 
metre presque egal a celui du cratt^re de Sulpicius Gallus, avec la trace d’un 
petit cratere, tel qu’on I’observe main tenant, et non comme quelques unsl’ont 
affirme, sous la forme d’une grande tache noire ; il est positif que le cratere 
a des dimensions ^ peu pres egalcs k celles que lui assigne M. Schmidt lui- 
meme, e’est-^-dire environ quatre milles de diametre.” — Bulletin Meteorolo- 
gique de I’Observatoire du College Eomain, 31 Mai 1867. 

Translation , — It is positive that Schrbter, in Selenotopographische Frag^ 


^ The orifice of the crater. 


t The base of the cone. 
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7nente, Table IX., represents this object as a white spot of a diameter almost 
equal to that of the crater Sulpicius Gallus, with the trace of a small crater 
such as we now observe, and not as some have affirmed under the form of a 
large black spot. It is certain that the dimensions of the crater are almost 
equal to those assigned to it by Schmidt himself, that is to say, about four 
miles in diameter. 

Wolf. B’apres la note memo de M. Schmidt, Scliroter scmble no pas 
avoir vu Linne, au moins comme un des cratcres prineipaux de la mer de 
Serenite, bien qu^l en ait note de plus petits.’’ — Comptes Eendus, Seance du 
17 Juin 1867. 

Translation. — From the note itself of M. Schmidt, Schroter seoms not to 
have seen Linne, at least as one of the principal craters of the Mare Serenitatis, 
although he has noticed some smaller (see ante, p. 4 h). 

Eecent opinion of the White Spot. — Mr. Slack, writing under date of 
Oct. 11, 1867, says, There can be no doubt that Linne varies in appearance, 
sometimes justifying the epithet ‘ cloudy,’ at others gradually toning down 
from the bright central part to an edge difficult to define or discriminate from 
the adjacent portion of sea, and last night (see observation, ante, pp. 7, 8) 
clear at the margin and distinct from the sea.” Mr. Slack adds, But is 
this peculiar to Linne ? I think not, but it must be considered in relation to 
other changes of tint and hue.’^ 


Opinions on the General Eestjlts. 

Herr Schmidt, 1867, Feb. 7. Xachdem nun vicr Lunationen hindurch 
die sorgfaltigste Priifung dargethan hat, dass ^ Linne,’ in seiner Tagesperiodc 
etwa 13 Tage lang als kieine Lichtwolke, an der Lichtgrenze aher durchaus 
7iicht als Crater, gesehen wird, sondern zur Zeit sehr gcringer Sonnenhbhen 
iiberhaupt ganz unsichtbar ist, halte ich jetzt, gestiitzt auf Thatsachen der 
Beobachtung, den Ausspruch genugend begrundet ^ dass anf dem Monde 
geg€7iwartig iioch Verdnderungen eintreten, die durcli den Weclisel der BeleucJi- 
tung nicht erhlart werden Ic’mnen,^ ” 

Translation. — Now that after the most careful examination, continued 
through four lunations, has proved that Linne in its day-period, about 13 
days long, is visible as a small white cloud, but on the tenninator not at all as 
a crater, whilst at the epochs of very small sun-heights it is quite invisible, 
I regard it as satisfactorily established, relying on the facts of the observa- 
tions, that changes are now still taking place on the moon, which cannot he 
explained hy the differences of illamination . 

Herr Schmidt, 1867, August 23. In a letter to Mr. Lynn of this date, 
before referred to, Herr Schmidt says, ‘‘ Alle Beoharhtimgen lehren einfach 
desselbe, namlich, dass jetzt an Stelle des vormals sehr tiefen und 5000 
Toisen breiten Craters Linne, nur noch eine nicht vertiefte belle Flache und 
ein kleiner Hiigel gesehen werden.” 

Translation . — All the observations teach precisely the same thing, namely, 
that in the place of the formerly existing crater in Linne, which was very 
deep and 5000 toises wide, there can now be seen only a bright spot, not a 
-depression, and a small hill. 

Flammarion. “ 8i Linne avait eu cet aspect ^ I’epoque ou Beer et Madler 
ont construit leur Mappa Bedenographica il est impossible qu’ils I’eussent in- 
dique comme un crat^re.” — Comptes Eendus, tom. Ixiv. (20 Mai 1867) No. 20, 

p. 1020. 

Translation. — If Linne ha4 had this aspect at the epoch when Beer and 
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Miidler constructed their Mappa Selemgrapliica, it is impossible that they 
could have indicated it as a crater. 

‘‘ On pent done penser main tenant que notre satellite n^est pas un monde 
onticremont mort, ct quo des monvements assez sensibles pour etre vus d’ici 
s’accomplissent intervallcs i\ sa surface.’’ 

Translation, — We arc therefore able now to consider that our satellite is 
not an entirely dead world, and that movements at intervals on its surface 
are sensible enough to bo seen from hence. 

Padre Secchi, Comptes Rendus, tom. Ixiv. 25 Fevrier 1867, p. 345. 

“ La grandeur de Torifice du cratere ctait de ^ de seconde au plus, et I’aureolo 
etait un pen plus large que Sidpicius Galhis. J’insiste sur cette comparaison, 
car elle fait voir que MM, Madler et Beer, dont j’employais la belle carte, 
n’auraient jamais figure un cratere aussi grand et aussi bien fait que celui 
quhls assignent a Linne, pour une tache blanche comme celle qui existe a 
present; cn elFet Sulpicius Oallus est actuellement beaucoup plus grand 
que le petit cratere qui forme le centre de la tache. Ce dernier est meme 
encore plus petit que ces autres crateres qu’on indique seulement par des 
lettres, sans leur donner de nom, et qui sonl repandus a gran des distances 
dans le Mare Sertnitatis. On ne pent done douter qu’il y ait eu un change- 
ment, et il parait probable qu’une eruption a rempli I’ancien cratere, d’une 
matiere assez blanche pour paraitre beaucoup plus claire que le fond de la 
mer qui I’cnvironne.” 

Translation. — The size of the orifice of the crater was at most 1 of a second, 
and the aureole was a little larger than Sulpicius Gallus. 1 insist on this 
comparison because it shows that E. & M. could never have figured a crater 
as big and as well marked as that which they assigned to Linre, for the 
white spot which at present exists ; in fact Sulpicius Oallus is actually much 
larger than the little crater which forms the centre of the spot. This last is 
even smaller than those craters which are indicated merely by letters with^ 
out names, and which are distributed at great distances in M. Serenitatis, It 
cannot be doubted that a change has taken place, and it seems probable that 
an eruption has filled the ancient crater with a material white enough to look 
bright against the dark ground of the sea. 

CuARCORNAC. ‘‘ S’il ost vrai, comme Fa decrit Lohrmann, que e’etait un 
cratere profondement sculpte dans la plaine, representant I’aspect d’un creux, 
rond comme un pot, il est incontestable que ce cratere s’est efface et qu’il 
n’en est reste qu’une surface blanche.” — Comptes Rendus, tom. Ixiv. (20 Mai 
1867) p. 1022. 

Translation. — If it be true, as described by Lohrmann, that this was a deep 
crater sculptured in the plain and represented by the aspect of a pit, round 
as a pot, it is incontestable that this crater is effaced and that there remains 
nothing of it but a white surface. 

“ Une dernierc eruption dans le vide eiface done ce cratere en comblant le 
creux ct cn annulant les ramparts en forme de bourrclet. Get important phe- 
nomene montre que Faetivite volcanique de notre satellite persiste encore.” 

Translation. — The last eruption therefore effaced the void of this crater in 
filling the pit and reducing the ramparts to the form of a hood. This im- 
portant phenomenon shows that the volcanic activity of our satellite stiR con- 
tinues. 

Wolf. En resume, a part I’indication fournie par les cartes de Lohrmann 
et de Beer et Madler, h laquelle on pent opposer la contre-indication de Lahire 
et de Schroter, nous ne possedons actuellement qu’un seul document positif 
sur le changement qu’aurait subi Linne : e’est Faffirmation de M. Schmidt que 
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ses notes et scs dessins de 1841 representent cet objet autremcnt qu’on ne le 
voit maintenant.” — Comptes Eendus, tom. Ixiv. (17 Juin 1867). 

Translation. — Resume: — Apart from the indications furnished by the maps 
of Lohrmann and Beer and Miidler, to which we are able to oppose the contra- 
indication of Lahire and of Schroter, we actually possess only one positive docu- 
ment on the change which Linn^ has undergone : this is the affirmation of 
M. Schmidt, that his notes and his drawings in 1841 represent this object 
otherwise than as we now see it. 

M. i)E Beaumont. ‘‘ Au surplus on doit dcsirer quo les observations rela- 
tives h la permanence absolue ou a de tres Icgeres, alterations des accidents 
de la surface lunaire se multiplient, car unc seule alteration memo tres legere, 
suffirait si elle etait bien constatee pour etablir que la vie geologique encore 
dans I’interieur de la lune aussi bien que dans I’interieur de la terre.” — 
’Comptes Eendus, tom. Ixiv. (17 Juin 1867) p. 1242. 

Translation . — Moreover it is to be desired that observations relative 
to the absolute permanence, or to very small alterations of the details of the 
lunar surface, should be multiplied ; for even only one very small change, if 
it were fully proved, would be sufficient to establish that geological life is 
still in the interior of the moon as well as in the interior of the earth. 

Eespight. “ Je cTois done pouvoir conclure que Ic cratere n’apas eprouve 
de changement sensible ou du moins que les arguments produits en faveur 
de ce changement son! vagues et ne sont pas concluants.’^ 

Translation . — I therefore think that we may conclude that a sensible change 
of the crater is not proved, or at least that the arguments produced in favour 
of this change are vague and inconclusive. 

I am greatly indebted to my friend Mr. Lynn, of the Eoyal Obscrvatoiy^ 
Greenwich, for his assistance in kindly translating the records and opinions 
of Foreign observers, and also in furnishing the additional observations by 
Herr Schmidt. ]g 


Third Report of the Committee fm' Exploring Kenfs Cavern j Devon- 
shire. The Committee consisting of Sir Charles Lyell, Bart., 
Professor Phillips, Sir John Lubbock, Bart., Mr. John Evans, 
Mr. Edward Vivian, Mr. George Busk, and Mr. William Pen- 
GELLY (Reporter). 

The Reports presented by the Committee, in 1865 and 1866, render it 
unnecessary to give a detailed description of either the situation or the cha- 
racter of Kent’s Hole. The Cavern may be briefly stated to consist of two 
parallel series of chambers and galleries — an eastern and a western ; and to 
have two external openings or entrances — a northern and a southern. Tlie 
entrances occur in one and the same low vertical cliff, on the castein side of 
the hill in which the Cavern is situated. They are nearly on the same level, 
about 50 feet apart, from 180 to 100 feet above the level of mean tide, and 
about 70 feet above the bottom of the valley immediately adjacent. 

The Committee have found it convenient to assign names to the various 
branches of the Cavern ; and in order to avoid the risk of confusion, they 
have retained those which had been previously bestowed by the Rev. J. 
M^Encry and others. 

The northern entrance opens, through a short narrow passage, into a 
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eomewhat spacious chamber — the most northerly of the eastern series, — which 
Mr. M^Enery termed the “ Yestibiile,’’ or “ Sloping Chamber.'’ It measures 
about 64 feet from north to south, and 28 from east to west. 

From the north-western angle of the Vestibule, a gallery, about 32 feet 
long, and varying from 6 to 14 feet broad, extends in a north-easterly direc- 
tion, and is known as the North-east Gallery. ” 

About 22 feet south of the entrance of this Gallery, an opening in the 
western wall of the Vestibule, about 35 feet wide, leads into the western 
series of galleries and chambers. 8o far as is known, this is the only passage 
connecting the two series. 

A passage, about 22 feet in length and varying from 19 to 27 feet in 
breadth, which Mr. M‘Ener> termed the “ Passage of Urns,” leads out of the 
Vestibule southwards into the most spacious chamber of the eastern series, 
which, therefore, has been termed the Great Chamber.” It measures about 
62 feet from east to west, and, where longest, 53 from north to south. In 
its eastern side is the second or southern entrance of the Cavern ; and from 
its back or western wall — almost immediately opposite the entrance — there 
extends a cul de sac in a westerly direction, for about 29 feet, and varying in 
breadth from 15 to 10 feet. This is known as the “ Gallery.” 

The Great Chamber opens southwards into an apartment measuring about 
40 feet from north to south and 26 from east to west. From the fact that, 
during the last twenty years, Mr. Vivian has trequently lectured in the Cavern, 
and has on these occasions always taken his stand here, this apartment has 
received the name of the Lecture Hall ” — a designation which it is proposed 
to retain. 

About 12 feet north of the junction of the Great Chamber and the Lec- 
ture Hall, a gallery opens out of the eastern wall of the former, in a south- 
easterly direction. Its width is about 7 feet at the entrance, and its length, 
which at present is undetermined, exceeds 30 feet. The entrance of a 
similar and parallel gallery occurs near the south-eastern corner of the Lec- 
ture Hall. In accordance with the names given them by Mr. M^Enery, 
they are respectively termed the ‘‘ North” and South Sally Ports.” 

The Lecture Hall opens southwards into a gallery about 17 feet wide, and 
at least 50 feet long ; but as its further end is blocked up with large accu- 
mulations of stalagmite and stalactite, its true dimensions are at present 
unknown. 

During the year which has elapsed since their Second Report was sent in, 
the Committee have continued their labours uninterruptedly ; the Superin- 
tendents have made daily visits to the Cavern ; the methods of excavation 
and investigation described in detail in the First Report, and which render it 
easy to define accurately the position of every object found, have been uni- 
formly followed ; the daily journal has been carefully kept ; and monthly 
reports of progress have been regularly forwarded to the Chairman of the 
Committee. 

From the commencement to the present time, the work has been carried 
on, under the direction and inspection of the Superintendents, by the same 
two workmen — Charles Keeping and George Smeardon — and the Committee 
have great pleasure in stating that nothing can surpass their zeal, industry, 
intelligence, and integrity. 

The investigation naturally excites much interest amongst the visitors and 
residents at Torquay, and draws a considerable number of them to the 
Cavern. But, whilst every reasonable facility is afibrded them for witnessing 
the operations, no one is admitted to those parts which are under examina- 
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tioa unless accompanied by one of tbe Superintendents. The other branches, 
and these only, are shown to visitors by the guide appointed by the proprie- 
tor, Sir L. Palk, Bart., M.P. Such visits, however, can be made only when 
the Committee’s workmen are present, by whom, and not by the guide, the 
keys are kept. In short, every care is taken to find all the objects really 
belonging to the Cavern ; and every precaution to prevent anything being 
maliciously or mischievously placed in the deposits for the workmen to find. 

Amongst the visitors during the present year, the Superintendents had 
the pleasure of receiving Captain Galton, Mr. Godwin- Austen, Mr. Gwyn 
Jeffreys, and Mr. Prestwieh — all members of the British Association. They 
were conducted over the Cavern by the Superintendents, the mode of opera- 
tion was fully explained to them, and they inspected a large and character- 
istic series of the fossils, as well as of the flint implements and other relics of 
human industrial art, which the Cavern has yielded. 

Hitherto the labours of tlie Committee have been confined to the eastern 
series of galleries and chambers. Of these, the Groat Chamber, the Gallery, 
the Passage of Urns, the Vestibule, and the North-east Gallery have been 
completely explored to the depth of 4 feet below the base of the Stalag- 
mitic floor ; to which, from the beginning, and as a first exploration, the 
excavation has been restricted. In the Lecture Hall, in which the workmen 
are at present engaged, considerable progress has been made. On its com- 
pletion, it is intended to proceed to the gallery leading out of it southwards, 
and then to the SaUy Ports. 

Mr. M‘Enery and the other early explorers carried on some part of their 
researches in a small portion of the Vestibule, and in the Lecture Hall. In 
the latter their works were probably on a somewhat larger scale. Unfor- 
tunately, instead of taking out of the Cavern that portion of the deposits 
which they had examined, they simply threw it on one side. The Commit- 
tee have found it necessary to remove this disturbed material, and, in 
doing this, they have examined it with a care almost equal to that they 
bestow on the virgin ground. The result has been the discovery of a largo 
number of fine specimens of teeth and other relics of the ordinary Cave 
mammalia, which were either unnoticed or neglected by the early explorers. 
Indeed, the largest Mammoth molar which the Committee have found 
occurred in these old workings. In order to the thorough investigation of 
cavern deposits, they must be removed without the cavern — partly to secure 
their complete examination by daylight, and also to prevent the commingling 
of disturbed and undisturbed soil. Great as may be the palaeontological 
value of the specimens thus recovered, they can be of no service as evidence 
on questions of chronology or contemporaneity, as they are confusedly mixed 
up with objects belonging to many and widely-separated eras. Hence the 
Committee have carefuUy kept them apart from the specimons yielded b}" 
the ground which was unquestionably intact. 

Except in one limited locality, to he noticed hereafter, the succession of 
deposits in the Cavern has been uniformly the same as that described in the 
two previous Reports, viz. : 

Eirst, or uppermost: Huge angular blocks of limestone. 

Second : Black Mould, from 3 inches to upwards of a foot in depth. 

Third : Stalagmitic Eloor, varying in thickness from 3 inches to as many 
feet, but usually rangingfrom about 12 to 18 inches. 

Eourth, or lowest yet found: Red Cave -earth,” with angular pieces 
of limestone, and occasionally rounded stones of kinds not derivable from the 
Cavern hill. 
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The excepted locality, just mentioned, was a part of the Yostibule, where 
a layer of black soil, apparently identical with that found almost everywhere 
above the Stalagmitic Floor, occurred beneath the floor. This layer, termed 
the ‘‘ Black Band,” was of irregular outline, and covered an area of about 
100 square feet. It contained numerous bits of charcoal, and varied in 
thickness from 2 to 6 inches. Throughout about half of its area, it 
immediately underlay the Stalagmite, but elsewhere it was separated from 
the nether surface of the floor by a layer of ordinary Ecd Cave-earth, 
from 3 to 6 inches in thickness. At its nearest approach, it was 32 feet 
from the northern entrance ; but as a great part of the intermediate ground 
had been broken up by the early explorers, it is impossible to say whether 
or not it formerly extended further in that direction. No trace of such 
material beneath the Stalagmite has been encountered by the Committee 
elsewhere. The floor immediately overlying the Black Band was loaded 
with fallen blocks of limestone, which were heaped one on another, and 
cemented by stalagmitic matter into a Arm grotesque pile. This mass rose 
to the roof of the Cavern, and originally extended from its eastern almost 
to its western wall, thereby dividing the Vestibule into two separate cham- 
bers. Mr. M‘Enery states that when he first visited the Cavern, before some 
of the impediments were removed, the only passage — on the west side — was 
‘‘ accomplished on all fours A few years ago. Sir L. Palk had a more 
convenient passage cut through the pile on its eastern side. In the course 
of their researches the Committee have had to remove the entire mass. 

The Black Mould overlying the Stalagmitic Floor has, during the last twelve 
months, yielded a large number of objects, such as were described in the 
lieports of 1805 and 1860, as well as several of which no examples had 
boon previously found. Marine shells occurred everywhere in this accumula- 
tion, but in the Vestibule they were very abundant ; those of the common 
oyster sometimes forming considerable heaps. It does not appear that in all 
cases they are necessarily to bo regarded as evidence of a molluscous diet, 
since many of them, chiefly pectens and oysters, were certainly “ dead ” 
valves, as serpuloc and other small shells are attached to their inner surfaces. 

Potsherds also have been numerous ; but though some of them are of con- 
siderable size, nothing approaching a perfect vessel has been found. Judging 
from the varied forms of ornamentation on them, the pieces represent a 
large number of utensils. In most cases they are composed of a coarse clay, 
having an admixture of small stones. 

Three spindle-whorls have boon added to the collection. One of them is 
composed of coarse grit, and, unlike all the others which have been met with 
in the Cavern, its upper and lower surfaces are curved, and give it an oblate 
spheroidal form. Either for ornamentation or some unguessed purpose of 
utilit}^, a groove has been cut round its greatest circumference. The two 
remaining whorls are of slate, and have numerous ornamental lines. In 
this connexion may bo mentioned an Amber ‘‘ bead,” larger than some of 
the whorls, and in form resembling the grit whorl just mentioned. 

Flakes of both black and white flint, but chiefly the former, have occurred 
in large numbers. During the last twelve months, not fewer than about 220 
were found in this overlying Black Mould. Almost all of them were met 
with in the Vestibule, and it seems not improbable that, at least, some of 
the white specimens wore dug up from the Bed Cave-earth, and either lost 
or neglected by the earlier explorers. 


* Cavern Researohes, page 5, 
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Amongst the metal articles, there are a small bronze hook, an almost per- 
fect bronze socketed celt, a hahpenny of 1806, and a sixpence of 1846. 

The bone implements include an awl ,* a portion of some prismatic tool with 
rounded edges, and having on its surface a series of equidistant grooves or 
notches, such as to suggest that it may be part of a measuring rod ; two bone 
combs, and fragments of two others. The combs belong to the same class as 
that described in the First lleport — having the form of a slioe-lifter, with 
teeth at the broad end.” One of them is small, and rudely formed ; the other 
is larger, and is highly finished. Two parallel lines traverse its surface, in a 
zigzag series, from end to end. At the end opposite that containing the 
teeth, there is a hole, as if for suspending it. This interesting object, the 
two fragments of combs, the grit spindle-whorl previously mentioned, a cockle 
shell, several potsherds, and a bone cut with some keen-edged tool were found 
in the south-eastern portion of the Great Chamber, where the overlying Black 
Mould was itself overlaid by a cake of stalagmite, which was attached to the 
wall of the cavern, from 1 to 2 inches thick, and w^hich measured 7 
feet from north to south by 6 from east to west. In many instances, sta- 
lagmite, fully as thick, had been found on the large blocks of limestone lying 
on the Black Mould ; but this was the first, and, indeed, is at present the only 
example of such a cake formed immediate!}" on the Black deposit itself. The 
interest attaching to it lies in the fact that there the lodgement of the Black 
Mould had closed before the formation of the stalagmite lying on it had 
begun ; and that thus a certain amount of antiquity is secured for the objects 
which, as has just been stated, were found sealed up. In short, the geolo- 
gical evidence concurs with the archaeological. 

The overlying Black Mould has continued to yield a large number of bones 
of various mammals and birds, none of them probably belonging to extinct 
species. In this series, the most interesting objects found during the last 
year, are several portions of the human skeleton — including vertebrae, parts 
of lower jaws containing teeth, several loose teeth, and a skull. The skull 
was found about 6 inches below the surface, adjacent to the limestone rock, 
and immediately vnthin the northern external entrance of the Cavern. The 
other human remains were met with in different parts of the Vestibule, and 
on different occasions. The first relic, indeed, the first vestige of the human 
skeleton met with during the present exploration, was part of a lower jaw 
containing two molars, and was found in December 1866. 

The Stalagmitic Floor has presented its usual characters ; being sometimes 
crystalline and extremely hard, and at others granular and comparatively soft. 
Not unfrequently it is composed of thin laminae, alternately crystalline and 
granular. The Committee have still to report that comparatively few objects 
have been found in it. Amongst those which have presented themoclves, are 
stones of different kinds, charcoal, flint flakes and cores, and remains of various 
animals, including the bear, fox, horse, and man. The stones, when not 
fragments of limestone, arc commonly well-rounded, and were probably 
selected at the adjacent sea shore. One of the artificially forrred flints has 
the appearance of being a fragment of a polished celt, or axe, and is the only 
specimen of the kind which has been found in the Cavern. Since the Second 
Report was sent in, a total of ten flakes and chips, of probably artificial 
origin, have been met with in the Stalagmite. The human remains are a 
tooth, and a portion of an upper jaw containing four teeth. They were 
found lying together in the Vestibule, about 30 feet from the northern en- 
trance of the Cavern, and deeply imbedded in the floor, which was 20 inches 
thick. These interesting relics — the most ancient remains of man’s osseous 
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system Tvhich the Cavern has yet yielded — were found on the 3rd of January, 
1867. 

The lllack Band below the Stalagmitic Floor was extremely rich in objects, 
many of which are of great interest. They include bones and teeth of various 
animals, and traces of the presence of man. The list of animals represented 
in this Band includes the ox, deer (more than one species), horse, badger, 
bear, fox, Bhinoceros tichorhinus and Hycem apelcea. 

The indications of human existence are chips, flakes, cores, and implements 
of flint ; bone tools ; and bones partially burnt. The flint specimens form a 
total of 366 in number, or about ten on the average in every cubic foot of the 
material composing the Black Band. Though many of them are mere chips, 
and the majority are flakes, no inconsiderable number are more or less per- 
fect lanceolate implements. By far the greater number are white, and have 
an almost chalky aspect and texture. Some of them are so extremely fragile 
as to break on the least pressure. It appears utterly impossible to suppose 
that they were introduced into the Cavern by other than human agency, or 
that they had ever been ^loved from the spot where they were primarily 
lodged. The bone tools arc two, perhaps three, in number. One of them is 
an awl about 3| inches long, and cut at one end to a sharp point. It was 
found on the 27th of November 1866, beneath a floor of Stalagmite 16 inches 
thick, and perfectly intact and continuous in all directions, at a spot about 
40 feet from the northern entrance of the Cavern. The second tool is a por- 
tion of a so-called harpoon, barbed on one side only, and about 3| inches long. 
It was found on the i7th of January, 1867. The third is of a nondescript 
and doubtful character. 

With the exception of the Black Band — found only in one branch of the 
Cavern, and occupying a very limited space — the deposit below the Stalag- 
mitic Floor is everywhere tolerably uniform in character — Bed Cave-earth 
with angular fragments of limestone. The latter vary from mere splinters to 
blocks weighing many tons. Typically, this Cave-earth may be said to be 
composed of about equal parts of loam and stones ; but in some places the 
latter greatly preponderate, whilst in others the former is most prevalent. 
Boiled stones, not derivable from the Cavern hill, occur here and there in 
every part which has been explored ; but in those branches with which the 
Committee have been occupied during the last twelve months, they have not 
been so numerous as they were in the Gallery described in the Second Beport. 
Blocks of stalagmite, the broken remnants of an old floor, continue to be 
abundant. They occur at all levels, both in the Cave-earth, and in the 
Stalagmitic Floor which the Coramitt<'c found intact, and occasionally they 
project obliquely through the latter to the height of a foot or more. Many of 
them are of considerable size, measuring upwards of a cubic yard. Indeed 
one block, in the Lecture Hall, measured fully three cubic yards. So far as 
at present appears, no part of the Cavern is exempt from them, with the ex- 
ception of that part of the Great Chamber extending from the southern en- 
trance to 40 feet within it. From their first appearance, it was obvious 
that they were either of stalagmitic or of stalactitic origin. Their structure 
was strongly in favour of the former view, and this has been recently con- 
firmed by the discovery of stones and bones incorporated within several of the 
blocks found in the Lecture Hall. It was stated in the First Beport that matter 
of probably faecal origin was frequently mot with in the Cave-earth in the 
Great Chamber. A large quantity of this material, frequently forming consider- 
able heaps, was found in the southern portion of this Chamber, which has 
been recently explored. With the exception of a few small pieces in the 
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Lecture Hall, nothing of the kind has presented itself in the other branches 
of the Cavern which the Committee have yet investigated. 

In the Lecture Hall, as well as in the immediately adjacent part of the 
Great Chamber, a series of subterranean tunnels have occasionally been broken 
into by the workmen. They are more or less cylindrical, sensibly horizontal, 
and except in rare cases, upwards of 4 feet below the upper surface of the 
Cave-earth. Their size appears pretty uniform, and is such as would allow 
a fox, or perhaps a badger, to turn in them. Mr. M‘Enery, who mentions 
them, thinks, and with much probability, that they are “ Fox-earths.” 

Fragments of burnt bone have been found, here and there, in the Cave- 
earth in every chamber and gallery. 

Ho other branch of the Cavern has proved to be quite so rich in bones as the 
Great Chamber, the larger portion of which was explored in 1865, and of 
which the particulars were given in the Report presented that year, never- 
theless, a very large number of teeth and other remains of the ordinary cave 
mammals have been exhumed from the Red loam during the last twelve 
months. It may be doubted, however, whether any important additions have 
been made to the list of animals given in the two previous Reports. As a 
provisional statement, the mammals represented by the vast collection which 
has now been made, may be still said to be the Cave-bear, Cave-lion, Cave- 
hyaena, Fox, Horse (probably more than one species). Ox, several species of 
Deer, the tichorhine Rhinoceros, Mammoth, and Badger. The condition of the 
bones is the same as that of those described in the previous Rc*])orts. Many of 
them are of an almost chalk -hke whiteness, whilst others are discolored ; some 
are more or less coated with films of stalagmite ; many are merely fragments 
or splinters ; a considerable number have been gnawed ; those found imme- 
diately under heavy blocks of limestone are crushed ; several are split longi- 
tudinally in such a manner as to betoken human agency : they are all cha- 
racterized by a specific gravity greater than that of the bones found in the 
Black Mould overlying the Stalagmitic Floor ; on the tongue being applied to 
them, they all more or less adhere to it ; and in no instance have the elements 
of an entire skeleton, or anything approaching it, been found together. It is 
BtiU true that, so far as is known, no bone or tooth of Machairodus, Hippopo- 
tamus, or Man has yet been found in the Cave-earth. 

The Red earth has also ydelded a considerable number of chips and flakes 
of flint during the last twelve months. The aggregate from the four foot- 
levels amounts to 238 specimens, which were thus distributed : 120 in the 
first foot-level, 53 in the second, 36 in the third, and 29 in the fourth or low- 
est. There are not amongst them any ovate implements, nor can the series 
as a whole, perhaps, be regarded as quite equal in interest to those which were 
described in the Reports of 1865 and 1866. The artificially wrought flints, 
inclusive of chips and flakes, which have been found in the Cavern during 
the last twelve months, form a total of 834; =220 from the overlying Black 
Mould, + 10 from the Stalagmitic Floor, + 366 from the Black Band, 238 
from the Red Cave-earth. 

Though the Committee have not on this occasion the pleasure of laying 
before the Association any highly- wrought flint implements, they have the 
gratification of producing tools formed of another material, and of a kind not 
previously found in the Cavern. Though it may be* difficult to understand it, 
there' is reason to believe that a few persons continue to be sceptical respecting 
the artificial character of even the best unpolished flint implements found in 
the Cavern or elsewhere. The Committee venture to entertain the opinion 
that the evidence which the last twelve months have put into thehr possession 
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renders it impossible for any one to doubt that Man occupied Devonshire 
when it was also the home of the extinct lion, hyaena, bear, rhinoceros, mam- 
moth, and their contemporaries. 

Of the tools alluded to, two have already been mentioned — the bone awl and 
the harpoon found in the Black Band, beneath the Stalagmitic Floor, in 
the Vestibule. As has been stated, in this same thin band there occurred, 
with the implements just mentioned, teeth of rhinoceros, hyaena, and other 
of the common cave mammals ; and the storj" they tell is at once clear and 
resistless. These, however, are neither the only, nor the best bone imple- 
ments which have been exhumed. Two others have been met with, and both 
of them in the lied Cave-earth, below the Black Band. One is a portion of a 
highly finished “ harpoon,” inches in length, and differing from that pre- 
viously mentioned, in the form of its j)oint, and in being barbed on two sides. 
To use a botanical term, the barbs arc “ opposite,” not “ alternate,” as is the 
case with many of the doubly-barbed im])lements of the kind found in cer- 
tain French caverns. It is w’orthy of remark that whilst in France the same 
cavern has rarely, if ever, yielded both singly- and doubly-barbed “ harpoons,” 
an example of each kind has been found in Kent’s Hole. This implement 
was met with on Marcli 18th, 18G7, in the Vestibule, in the second foot-level 
of Red Cave-earth. Vertically above these 2 feet of loam, there lay the Black 
Band about 3 inches thick, and containing flint flakes and remains of extinct 
Mammals ; over this again came the Stalagmitic Floor, 18 inches thick, gra- 
nular towards its base, crystalline and laminated towards the upper surface, 
continuous in all directions, unquestionably intact, and without fracture or 
crevice of any kind ; and su])erposed on this, was the ordinaiy Black Mould 
with llomano-British potsherds. Like all bones found in the Cave-earth, 
the ‘‘ harpoon,” when applied to the tongue, firmly adheres to it. It has the 
condition which, from the sjiot it occupies, might have been looked for. 

The second bone tool from the Cave-earth is a well-finished pin, 8^ 
inches in length. It was found on the 3rd of January, 1867, and, like 
all the other bone tools, in the Vestibule. It was met with in the fourth 
foot-level below the Stalagmite — the greatest depth to which the excavation 
has been carried, — and in immediate contact with the crown of a molar of 
Mhinoceros iichorhinus. Vertically over this specimen there lay, in ascending 
order, 4 feet of Cave-earth ; then the Black Band ; over this the Stalga- 
mitic Floor, 20 inches thick, perfectly intact, and continuous in aU directions ; 
this was surmounted by the Black Mould ; and the whole was crowned with 
large blocks of limestone, cemented with carbonate of lime into a firm breccia, 
which reached the roof of the Cavern. The pin is well made, almost per- 
fectly round, tapers uniformly from the head to the point, and has a consi- 
derable polish. It is, perhaps, more than probable that it was an article of 
the toilet, and hence the polish it bears, instead of having been designed, may 
have been the result of the constant use to which it was put. It may pro- 
bably be said of its original possessor, as it has been of a more modem savage, 

“ The shaggy wolfiBh skin be wore, 

Pinned by a polished bone before.” 

Though the Committee abstain from drawing any inference from the fact, 
since it applies to a limited number of objects only, it may be worthy of re- 
mark that the most highly finished implements, whether of flint or of bone, 
are those which have been found at the lowest levels. 

Each of the great divisions of the Cavern — the Great Chamber, the Vesti- 
bule, and the Lecture Hall — in which the researches of the Committee have 
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been carried on, has been marked by some prominent facts. Thus, ovate flint 
implements have been found in the Great Chamber only, and there too the 
faecal matter was almost exclusively met with. Bone tools and the Black 
Band presented themselves in the Vestibule, but not elsewhere ; and the same 
branch of the Cavern was marked by the great numbers of chips and flakes 
of flint, and of blocks of old Stalagmitic Floor. Indeed the latter were so 
numerous and so piled on one another, especially on the western verge of the 
area occupied by the Black Band, as to assume the aspect of a rudely formed 
wall. In the Lecture Hall, extremely few specimens of flint occurred ; but 
many of the blocks of old Stalagmite contained bones and teeth, the great 
majority of the latter being those of the Cave-bear. The blocks themselves 
were just as numerous in the other branches, but not one of them was found 
to be ossiferous. 

Were we to speculate respecting the probable interpretation of the Black 
Band found beneath the Floor of tlie Vestibule — bearing in mind its very 
limited area, its position near the northern entrance of the Cavern and within 
the influence of the light entering thereby, its numerous bits of charcoal and 
of burnt bones, its bone tools audits very abundant, keen- edged, unworn, and 
brittle chips and flakes of whitened flint, — we might be tempted to conclude 
that we had not only identified Kent's Cavern as the home of one of our early 
ancestors, but the Vestibule as the particular apartment in which he enjoyed 
the pleasures of his own fireside ; where he cooked and ate his meals ; and 
where he chipped flint nodules, and cut and scraped bones into implements 
for war, for the chase, and for domestic use. 

It is not improbable that some feeling of disappointment may rest in a few 
minds, and possibly something akin to rejoicing may iind a place in others, at 
the fact that the labour which has been expended on this Cavern from the 
time of M^Enery to the present moment, has failed to detect beneath the 
Floor of Stalagmite any portion of the human skeleton. The results of these 
labours, however, do not justify either of those feelings, nor do they increase 
our confidence in negative evidence. Mr. M'Ener} , at the end of the re- 
searches which, from 1825 to 1829, he carried on, was able to report the dis- 
covery of flint implements as the only indications of human existence. To 
the same effect were the subsequent investigations of Mr. Godwin- Austen j 
and, in like manner, the Torquay Xatural History Society, at the close of their 
search in 1846, were unable to report further than that they had found man’s 
flint tools mixed up, in the lied Cave-earth, with the remains of extinct ani- 
mals in such a way as to render it impossible to doubt their contemporaneity. 
In 1865, the Committee appointed by the British Association commenced the 
exploration entrusted to them ; and for some months they too were unable to 
report more than the discovery of flint implements. 

In 1858, moreover, the celebrated cavern at Brixham, on the opposite side 
of Torbay, was discovered and methodically explored. The trustworthiness 
of the facts disclosed there may be said to have at once revolutionized the 
opinion of the scientific world on the question of human antiquity. The facts 
themselves, however, were identical with those which Kent’s Cavern had 
yielded, at intervals, for upwards of thirty years, — flint tools inosculating with 
the remains of extinct mammals, in 'the Cave-earth, below a continuous floor 
of stalagmite. If ever merely negative evidence, then, could establish a pro- 
position, it seemed safe to conclude that the only traces of man contained by 
the ossiferous caves of Devonshire were the so-called flint implements, about 
whose human origin some persons were still sceptical. 

The Kent’s Cavern Committeej however, were enabled in their First Be- 
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port, in 1865, to add the new fact that several pieces of burnt bone, as well 
as a stone having the appearance of a whetstone, and undoubtedly of distant 
derivation, had been met with in the cave-earth. Before the end of another 
twelvemonth, their attention had been arrested by a further phenomenon, 
and in their Second Report they remarked that “ many of the long bones had 
been split longitudinally,” and that it was difficult to suppose that less than 
human agency could have so divided them.” In this, their Third Report, 
they are able to advance another step, and to record the discovery of bone 
tools, about the character of which there can be no difference of opinion, 
which have the mineral condition characteristic of bones found in the deposit 
they occupied, which occurred with the remains of extinct mammals in soil 
indubitably intact, one of them at the greatest depth to which the excavation 
has been carried, and all of them beneath a thick unbroken Floor of Stalag- 
mite, which has itself yielded remains of at least three of the extinct cave- 
mammals. These successive discoveries, after labours so protracted, are cal- 
culated to warn us not to place implicit confidence in merely negative evi- 
dence ; to encourage the hope that the bones of man may yet be exhumed, 
though probably in sparing numbers only ; and, should this hope be never 
realized, to justify even the most cautious in holding and avowing the belief 
that man was, in Devonshire, the contemporary of animals that had become 
extinct before the times of history or of tradition. 

Again, that Kent’s Hole was largely visited in Romano-British times, is 
testified by numerous and varied objects of that age, found in the Black 
Mould overlying the Stalagmite ; and that the curious frequently made 
excursions to it during the last century, may bo safely inferred from state- 
ments in the works of the local historians Polwhele and Maton. But waiving 
this point, and going no further back than the last forty years, it is capable 
of proof that, within that time, the Cavern was visited by more than ten 
thousand persons — including not only scientific inquirers, but large pic-nic, 
dancing, and Bacchanalian parties. All the visitors had to be accompanied 
by the appointed guide, who was invariably paid for his attendance. The 
payments were generally made in the Vestibule; and it might have been 
expected that, from time to time, money would have been lost, at least, in 
that part of the Cavern. Nevertheless, though the Black Mould has been 
most carefully examined, and has yielded a very large and most miscellaneous 
collection of objects, it was not until the close of twenty-one months that the 
labours of the Committee met with a pecuniary reward, in the form of a half- 
penny of George the Third. Two months afterwards, they had the happiness 
of finding a sixpence of forty years later date. Besides these, no coin has been 
met with from the commencement of the work to the present time. 

Further, in their First Report the Committee reminded those who were 
disposed to attach importance to the fact that man’s bones were not forth- 
coming as readily as his implements, that in the Black Mould, as well as in 
the Red Loam of the Cavern, the only indications of his existence were rem- 
nants of his handiwork ; that pottery, implements varying in kind and in 
material, the remnants of his fires, and the relics of his feasts were numerous, 
and betokened the lapse of at least two thousand years ; but that there, as 
well as in the older deposit — the Cave- earth below, — they had met with no 
vestige of his osseous system. This remained to be their experience, not only 
when their Second Report was sent in, but up to December last. Then the 
spell was broken by the discovery, in the Black Mould, of part of a human 
lower jaw containing two molars. This, as has been stated, was followed by 
the exhumation, from the same deposit, of parts of other jaws, a skull, and 
1867. » 
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other portions of the skeleton ; and, as if to emphasize the fact, whilst these 
remains were being found, a fragment of a human upper jaw containing four 
teeth was, as previously mentioned, detected deep in the next older formation 
— ^the Staiagmitic Floor. 

Lastly, during the past two years, the blocks of stalagmite previously men- 
tioned have been found in every branch of the Cavern, and in all parts of the 
deposits. Their structure indicated that they were portions of an old floor, 
which, in some way not easy of explanation, had been broken up, and the 
fragments incorporated in the detrital accumulations subsequently lodged in 
the Cavern, and on which was formed that Staiagmitic Floor which the Com- 
mittee found intact, and are breaking up every day. This view of the origin 
of the blocks was confirmed by the fact that a considerable remnant of an 
old floor still remains in situ in one branch of the Cavern, and which, under 
the name of The Ceiling,” was minutely described in the Report sent in 
last year. R’evertheless, as the existing floor very often graduates down- 
wards into a breccia, and frequently contains bones, stones, and other 
extraneous bodies, it was reasonable to expect that some objects of the kind 
would be found attached to, or incorporated in the blocks if they were really 
fragments of an old floor which formerly spread over the Cavern. Accord- 
ingly, as the blocks presented themselves, all their surfaces were carefully 
examined, but no such trace or indication of their having once covered a 
detrital mass was to be seen on any of them. The more thoroughly to sift 
this question, hundreds of them have been broken by the workmen into small 
pieces, with the same invariable results — a stnicture indicative of staiagmitic 
origin, but without the disclosure of either bone or stone. At length, how- 
ever, this large accumulation of negations was utterly set aside. On the 
6th of last month (August 1867), one of these blocks, in the second foot- 
level of Cave-earth, and in the Lecture Hall, was found, on being fractured, 
to contain a bone ; and thus any lingering doubt respecting its claims to 
represent an old perished Floor disappeared at once and for ever. Since that 
time ossiferous blocks have been found in the same Hall, at least two or 
three times a week. 

The foregoing facts are calculated to stimulate to continued researches, 
and to encourage the hope that whilst a spadeful of deposit remains dis- 
lodged, a discovery may remain to be made. 


The present state of the Manufacture of Iron in Great Britain^ and 
its position as compared with that of some other countries. By 
I. Lowthian Bell. 

[A communication ordered to be printed among the Reports.] 

The object of such exhibitions as that which now occupies so large a share 
of pubHc attention at Paris being to compare the results of human industiy, 
it is not surprising that we have been favoured with many expressions of 
opinion on the relative merits of manufacturing science, as manifested in 
individuals as well as in nations. 

These opinions are necessarily founded upon the information conveyed by 
the specimens of workmanship exposed for inspection ; and therein, it is to 
be feared, is involved more or less of a serious fallacy. Ho one of any 
practical experience has difficulty in, or attributes the slightest skill to a 
manufacturing chemist for, exhibiting any of his usual products in a state cf 
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great purity, provided he pays a little additional care in their preparation, 
and is regar^ess of the expense incurred in this exceptional mode of treat- 
ment. In like manner the iron-master, by selecting very pure ore and pure 
coke, may run from his furnaces an unusually fine specimen of pig iron, 
which, being puddled by his best men, hammered and rolled any number of 
times, gives, as it cannot fail to do, a sample of iron of great excellence. 

If the question were asked, whether the articles we have the opportunity 
of examining upon such occasions convey in every case a correct idea of the 
average quality of the goods manufactured by and sold at the current rates 
of the exhibitor, it is much to be apprehended that such would not be found 
to be the fact. 

The Industrial Exhibition at Paris has afforded an occasion for the iron- 
masters, engineers, and practical chemists of the United Kingdom to be told, 
on the authority of very influential names, and possessing, we are informed, 
very intimate acquaintance with the subject, that while foreign nations have 
in recent times been making wonderful advances in manufacturing science, 
little progress has been effected in this country. It will probably be beyond 
the power of any one individual to speak with a proper degree’ of confidence, 
from personal knowledge, on all the questions embraced in the general charge 
against our national industry. This paper will be confined to an attempt to 
institute a comparison between our position and that of our neighbours in 
the treatment of the ores of iron and their products. 

Tliis subject is selected because it is one to which the most pointed allusion 
has been made, and because in it any deficiency on our part would be the least 
excusable, seeing that nature has provided us with advantages which ought 
to afford the means of our competing with those nations which, by their 
superior intelligence and energy, are said to threaten us most. 

If cost of production has to form no element in the calculation, it is clear 
results might be obtained which would lead to very erroneous conclusions in 
any comparative estimate. It is equally evident that any inherent excellence 
in his ores of iron would confer upon the smelter the power of producing a 
superior quality of metal, in doing which little, if anything, may be due to 
skill in manipulation. Those circumstances are referred to merely to remind 
you of the difficulty in pronouncing, with certainty, upon a question where, 
in drawing a parallel, so many allowances have to be made. For the present, 
however, these disturbing influences will be disregarded, and attention only 
directed to the information conveyed by the numerous specimens of the metal 
to be seen at the Champs de Mars, and which by many have been assumed 
to proclaim our inferiority as manufacturers of iron. 

No one who gives himself the trouble to study this department of the 
International Exhibition at Paris, can be otherwise than impressed with the 
pains the French makers have taken, not only to afford proofs of the quality 
of their produce by ingenious devices in showing fracture and tests of resist- 
ance, but also by a great number of sections of iron, which, from thinness 
and distribution of material, or great length, or with all these conditions 
combined, prove at once the chemical excellence of the metal, and the per- 
fection of the machinery used in its mechanical preparation. After giving 
the most ample margin to the French, who in their own country would wish 
to do it all honour, and probably would possess some superior facilities in 
securing the necessary space for the display of their manufactures, an 
Englishman cannot but feel disappointed at the attempts, as exhibitors, 
^ado by some of our iron-masters, who have aspired to represent their own 
|Dation ; indeed, nothing can excuse the careless indifference of one or two 
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who have intruded slovenly heaps of raw materials, intermingled with pieces 
of rusty iron, upon an occasion which may be looked upon as a state cere- 
monial of industry. 

The practical man, however, notwithstanding these disadvantages, has 
there materials and opportunity enough, to enable him to pronounce an 
opinion with sufficient precision, on the question of quality of the samples 
submitted for examination. I have myself carefully and repeatedly studied 
all the great divisions of this important branch of metallurgical industry at 
Paris. I have done so alone, and in company with English and Prench 
engineers, iron-shipbuilders, and iron- masters, both British and foreign, 
including men of the greatest experience and knowledge of the subject, — and, 
supported by their concurrent testimony, I unhesitatingly advance the opinion 
that no evidence whatever is to be found there that this country occupies a 
position less conspicuous for excellence of its produce than that of other 
nations. Of course, it is not pretended that in such a competition the four 
and a half millions of tons of British -made iron have to be brought into com- 
parison with those 300.000 or 400,000 tons of the metal which it requires 
the collective power of every European nation to smelt from the purest and 
rarest known ores and charcoal, and which cannot be made or sold at much 
under double the price of our most esteemed brands. 

It is of importance, in an inquiry like the present, to bestow especial atten- 
tion to what may be considered the purely mechanical treatment of iron — to 
that treatment by which it is obtained in the various forms known in com- 
merce. Those sections of bars which present mechanical difficulties in rolling, 
have those difficulties greatly increased by the presence of certain chemically 
combined impurities. A good skin, as it is called, and unbroken edges, par- 
ticularly in some forms, may be accepted as a fair indication of quality of 
iron as well as of excellence of machinery employed. Judged by this standard, 
the French as well as some other nations, have every reason to congratulate 
themselves on the state of iron- manufacturing science in their respective 
countries, as evinced by some of the really marvellous pieces of iron they 
exhibit. One firm, for example, has sent solid rolled bars of double “p iron 
27 inches, and others 33 inches deep, by 30 and 40 feet long, each bar in 
both cases weighing forty-six^ cwts. ; but the greatest chef (V oeuvre in this 
way is a' girder of the same form as the preceding, from the works of 
Chatillon and Commentary, 43 inches deep, with flanges 11 1 inches vide and 
web of 1 1 inch in thickness. This last achievement has not so far met with 
any practical application, but it is of value in showing engineers what can 
be done, and that when occasion requires it, they have it within their power 
to obtain perfectly solid masses of wrought iron of these large dimensions : 
at the same time it may be questioned whether, looking at the lengths which 
generally accompany the use of iron of such sectional strength, it will not bo 
found more economical to construct the girder by rivetting plates or bai's and 
angle -iron together. It should be stated that the Butterly Iron Company 
have for some time past rolled iron of this description, in a somewhat different 
way, for which they charge 40^. a ton less than the French quotations. Plates 
of iron, too, are exhibited, rolled so as to require no shearing along the sides, 
as has hitherto been practised. In many instances, such, for example, as in 
the construction of tanks, bridges, and other articles where a slight deviation 
from perfect soundness on the edge is immaterial, this mode of manufacture 
offers advantages by reason of the economy it effects. Against these proofs 
of efficiency of mill-machinery and skill in its use, may be placed the armour- 
plate, weighing eleven tons and a quarter, from the works of Messrs. Brown 
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and Company, of Sheffield, who have rolled plates of this kind weighingnearly 
twenty-five tons each. There arc, it is true, pieces of forged iron in the 
Exhibition heavier than even this,^ but the difficulty our manufacturers had 
to encounter in transhipment would offer impediments in carriage not expe- 
rienced by continental nations in sending objects to Paris, where size alone 
formed the test of merit. 

Any one having any recollection of the state of metallurgical science at the 
time of the London Exhibition of 1851, will detect, in the means afforded 
him at the Champs de Mars, a Avonderful change in the manufacture of steel. 
This is apparent in the number and dimensions of the objects now produced 
in that material. More rcceiitlj' even tlian sixteen years ago, the use of 
steel might almost be said to have been confined to small articles of cutlery ; 
toda}’, railway wheels, axles, hea\y working parts of steam-engines, and 
even railway bars, absoib imnnmsc quantities of this form of iron. The 
manufacturers of other nations, in this substance as in iron, maintain their 
superiority as exhibitors, and i)r(>bably at the head of all will be placed the 
name of Xru])p (of Esscai), from whose establishment has proceeded, among 
other admirahlo specimens of workmanshiji, the gigantic mass of cast steel in 
the shape of a piece of ordnance, weigliing upwards of fifty tons. 

We shall ])resently endeavour to discover to whose energy and inventive 
genius the credit is most due of having led the way in dealing with iron 
and steel of such extraordinary dimensions as are to be met wdth in our own 
days ; and at the same time seek to establish what is the true position of 
different nations which have laboured in raising this lemaikahh' branch of 
industry to its present colossal propoitions. 

In attempting this, the only mode of procedure is by reference to the 
liifetory of the past, which shall he done in terms as bric'f as is consistent with 
clearness ; at the same time it is oliviou.s that in a manufacture involving 
both mechanical and chemical appliances, upon this occasion as well as here- 
after, wc shall be compelled to exceed those limits which ought to be observed 
in any section set Ujiart for discussing a particular science. Some indulgence 
also must be extended to any minor inaccuracies in an endeavour to trace the 
progress of an art which owes improvements in its details to different indi- 
viduals, whose position in questions of priority it is sometimes so difficult to 
determine. 

It is not so very long ago that the attention of the Government of this 
country Avas called to the fact that the iron furnaces of that day threatened 
to jdacc the kingdom in a position of considerable difficultj^ from the rapid 
manner in wliich they Avere consuming the forests of certain districts, and, 
indeed, for a time, under the pressure of circumstances Avhich arose, the make 
of iron, insignificant as it Avas, sufiered considerable diminution. Erom this 
state of things the nation Avas relieved by the Darbys, in the midland counties, 
succeeding during the last century in applying upon a practical sciilc Dudley’s 
discovery of the capabilities of mineral fuel being employed as a substitute 
for charcoal in the blast furnace. It is quite impossible to oATrrate the im- 
portance of this OA’^ent in the history of the iron trade, because in localities 
Avhere timber is only of little value, tlic rapid manner iiiAAdiich even a limited 
make consumes the forests near the smelting establishment, causes charcoal 
quickly to rise in price, oAAung to the increasing cost of carriage. This is easily 
pcrceiATd Avhon it is remembered that in Styria and Carinthia something like 
twenty- five square miles of Avood arc stated as being required to supply the 
Avants of each furnace, and that in consequence the best charcoal, owing to 
the distance it has to he conveyed, often costs nearly 505 . to GO5. per ton 
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before it roaches the iron works. Simple as this substitution of pit-coal for 
charred wood appears, it was a long time before the difficulties tittending its 
introduction were overcome, and the prejudice against its use set aside — 
Dudley himself being in his grave long before the accomplishment of either. 
This cardinal improvement in iron-smelting brings us, without further 
change, down to about the be^nning of the present centuiy, when our blast- 
furnaces were running thirty or forty tons a week, and that portion of their 
produce which had to bo converted into bar iron was obtained in this con- 
dition by means of the old “ hearth,’’ a most laborious, costly, and wasteful 
mode of treatment. In it charcoal was frequently the fuel still employed, 
and the small tilt hammer the only means possessed for reducing the malleable 
product to the state of the bar. 

This was our position when our countiy^man Oort effected an entire revolu- 
tion in the character of the operations carried on in our forges, by tlie inven- 
tion of the rolling mill and the puddling furnace. The latter contrivance 
was subsequently greatly improved by llogers abandoning the old sand 
bottoms used by its original designer, and by sii])stituling iron idatcs pro- 
tected by iron slag. 

Fostered by the discoveries of Dudley and of Cort, the use of iron extended 
in every direction, rendcTiug each subsequent imju'ovcmcnt of increased im- 
portance, b}' reason of the enlarged field provided for its exercise. 

It was thus a fortunate circumstance that the labours of James 'Watt, in 
connexion with the steam-engine, placed in the hands of tlie iion manufac- 
turer the means of driving his new machinciy", for which the water-wheels of 
our old forges were, in many instances, totally inadequate. 

If the other changes which have been introduced in later times into our 
iron processes arc to be considered as modifications and improvements only 
of what Dudley and Cort effected many years ago, that of !Ncilson in applying 
heated air to the blast furnace has been followed by results of such magni- 
tude as to rank in importance with discoveries of the liighest order. The 
effect Neilsoii’s idea has had in reducing tlie coiiBuniption of fuel and the 
expense generally in smelting the ores of iron, is too familiar to all to require 
repetition here. 

It would appear, however, that it is only to thosfi greater and moi-e sudden 
ch.iiigcs that the world at large seems lo attach an} signifKMiicc ; for, judging 
by recent criticism on the progress of metallurgical sci(‘iie<* in tliis couiiliy. 
the fact apparently has been overlooked that the iron-masters of Durluim and 
Korth Yoikshirc, within the last four ^ears, have introduced gixat alterations 
in the character of their furnaces, and liavc siieceeded in raising the tcni])e- 
raturo of the blast they employ to a point never contenqilated h}’ Neilson 
himself. These progressive changes have enalded tlieir ]>rojectors to (‘fleet a 
saving in coal and an increase of jiroduce, grcat(T than the difference between 
those cold and hot blast furnac(*s still in common use in otluT parts of 
England. 

Our rolling-mill engineers had kept pace* with llio constantly increasing 
reipiircments for malleable iron, until about a dozin years ugo, Avlnm tlie 
rxanqde of the Emperor of tlie Ej-encli created a demand for an arlirde 
beyoiifl ^he penvers of any rolls then in (‘xistonce. T’ossibly tlu'y were never 
applied to, owing to the belief then jirevailing iliat hannn(*rcd slabs of metal 
alone would satisfy the necessary conditions attending tlie protection of ships 
of war, by means (jf the so-called armour-plating — at all events it was by 
means of the steam-hammer (a French idea, it is said, originally, but in- 
debted for its practical introduction here to Nasmyth) that we in this country, 
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in the year 1855, manufactured the iron for two floating batteries. To Mr. 
G. G. Sanderson, of the Park Gate Works, we owe the idea that rolled plates, 
by reason of their toughness, would bo found superior in resisting shot to 
those of hammered iron ; and to him, and to the owners of that establish- 
ment, is duo the merit of having, in the same year, provided a mill and rolled 
the plating for a third floating battery, built by Messrs. Palmer on the 
Tyno*. The correctness of Mr. Sanderson’s views have been justified by 
subsequent experiments. Rir William Armstrong’s ingenious method of 
building up wrought iron so as to produce ordnance, having incredible 
powers of i)enetration, has called for greatly increased thickness in armour- 
jdrtting. Manufacturers of this description of iron, however, by increasing 
the powers of their heating furnaces, mills, and other appliances, are now able 
to supply our naval yards and military establishments with material still more 
invuliKunble than that formerly deemed sufficient as a means of defence. 

It is thi^i chanicter of machinery which has enabled mill-owners here and 
abrofid to liandlo such liuge masses of wrought iron as have excited the 
admiration of .all who interest themselves in such matters, and it is ])y means 
of the so-called universal mill designed by Mr. Arrowsmith that our friends 
in France are rolling their smooth-edged plates. 

This hasty sketch is, it is hoped, an impartial account of what has been 
done in this country towards advancing the manufacture of iron to its present 
position. 

As soon as the occasion arose, other nations profited by the wisdom our 
more matured experience had ac(|Uired, and evtTV improvement in machinery 
or in process, found immediate imitators in each locality wdiere the foi'ge 
Anglais(‘ liad laam eon^tnicted. It is more repetition of a truth, admitted 
on all sides, tliat the mocUTii blast-furnaces, forges, and mills abroad are in 
prineijde, and in most details identical with those of this country, and of 
sueli ('xeellent eoiistiaietion as to have placed their owners on a level with 
ourselves so far tis perfection of machinery is concerned. 

It is, however, not to he ex])ected that those conditions which prevail here 
should find an exact coiniter[>art aliroad ; and wherever a deviation from 
thijigs as they exist with oiirselvt's occurred, the foreign iron-master was 
found, of ('ourse, adopting his mode of jirocedurc so as to suit the change of 
cireumstancos. The chief differeiiec between other countries and this is in 
tlie important matt(T of fuel. Here, regular lying beds of coal, generally of 
great ])urity, and in very accessible positions, have furnished us with abun- 
dant supplies of this (*lement for the }>roduction of iron, and upon terms more 
favourable than those' vhtliin reach of the continental iron-maker, who very 
frequently has to work with a comhustible costly in itself, and containing a 
considerable amount of iinpiirity. J^ong before it was thought of hero, 
because the same necessity did not exist, our neighbours occupied themselves 
with devising ingenious methods of washing out the dirt contained in their 
coal, and afterwards in constructing ovens so as to coke the purified product 
with the least possible waste. They also conceived, and now practice on a 
very large scale, the idea of securing tlie advantages of large coal by cemciit- 

* Snico writing tko above, I ) perceive Mr. Charles M. Pulmor, in a paper on “Ship 
Building,” road before the British Assoeiution in 18()3, claims to have originated the idei 
that rolled plates would be found superior in power of resistance to tliose of liammcrcd 
iron, niid that it ivas at liis rcapiest that the Park Gate Iron Company, then under tlio 
management oi Mr. G. G. Sanderson, undertook to provide the necessary means fin* 
manufacturing the plating for the floating battery then in course of construction at Mr. 
Palmer’s works. 
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ing together in very 'vrell-contrived machinery the improved small coal thus 
placed at their disposal. To meet the increased demand for pitch, which 
constitutes the cement used in this last-mentioned process, coke-ovens are 
now in use abroad for condensing all the products of distillation, both of a 
tarry as well as those of an ammoniacal nature. In like manner the excess 
of heat, which passes away from the puddling and balling furnace, instead of 
being permitted to escape, was made available in France for raising the steam 
for driving the forgo and rolling-mill machinery ; but perhaps the most ele- 
gant and interesting application of a waste product was that effected by em- 
ploying the gases, wliich formerly darned at the tops of their blast-furnaces, 
for a variety of purposes for which hitherto solid fuel had been used. 

Now, it may be asked, were our own iron-masters indifferent spectators to 
those valuable ameliorations contiibuted by other nations to an art in which 
Britain might be supposed to occupy the first rank ? The answer is, that no 
sooner did a change in the piice of our fuel enable them to adopt, with jwofit, 
the purification of co.d and the improvements in its conversion into coke, than 
both processes were imported into this kingdom ; and at the present day there 
is scarcely an iion-work in it of any consideration, where the macliinery is 
not driven by the waste heat from its own furnaces in the manner suggested 
by the example of our ncighliours. As regards the use of the blast-1 iirnace 
gases, not only li ive our furnace-owners availed themselves of the lesson 
taught them by foreign industry, hut the mode of collection has been so im- 
proved as to afford in many cases results better than those obtained by the 
original inventors. At this time not less than 500, (K)0 tons of coal are 
annually saved in the (Icveland iron district alone, by the state of i)erfection 
to which this admirable discovery has been carried. 

For many years past such are the advantages jjosscft&cd by this country for 
the economical working of metals that, although the raw material lor the 
finer kinds of steel had to be im ported from other nations, we have been able, 
notwithstanding, from our position in other respects, to rank first as manu- 
facturers of this modified form ef iion. The lajnd sjieeds attained on our 
railway’s, and the great strain to vhicli the macliineiy there, as well as on 
other occasions, is exposed, has rendered inert used strength of material, 
combined with lightness, an object of the highest importance. Metallurgists 
have thus been led to devise some more ready and less expensive methods of 
producing steel, this substance being, as is well known, possessed of the 
desired qualities, unequalled by any other known condition of iron. It is 
needless to dwell on the various jirojccts which have been suggested f(.)r 
securing this desideratum, inasmuch as ever}' one a]ipcars to have been 
driven out of the field by that last great discover}' of Bessemer, the success 
of which still maintains for this nation its old position in an industry in 
which it has laboured so incessantly and to such good jmrpose. It is true in 
Prussia there exist gigantic stccl-works (those of Kiiipp and otheis) vhere 
the process is carried on by methods confined^ it is alleged, to themselves. 
Whatever these methods may he, they are not of that character to have pre- 
vented the directors of the establishments named from adding tlie converters 
ff Bessemer to any appliances or modes of procedure of which they have the 
merit of being the original inventors. 

In concluding this endeavour to trace, in its main features, the progress of 
Bo manufacture of iron, I may he permitted to mention that, during a per- 
jonal acquaintance with the works of this and other countries, extending 
)ver twenty-five years, I can detect no change in the relative position of our- 
lelves and continental nations as iron manufacturers. No doubt, abroad, the 
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production of this metal has increased immensely in late years, but this is due 
to circumstances entirely disconnected with any greater comparative pro- 
ficiency than that possessed in former days. During the whole of tlie period 
named, the existing iron-works were equal to similar establishments of oiu' 
own, and certainly those 'which have been constructed of late have no pre- 
tensions whatever to be otherwise considered. 

The present depressed state of our own iron trade and its recent extension 
abroad, have probably countenanced the idea that the distress here has some 
connexion with the nature of the progress of the continental manufactures. 
It becomes, therefore, not unimportant to ascertain upon what grounds such 
a supposition is based. 

The first queslion to '^diich an investigator would address himself in such 
an inquiry, is the powers possessed by different localities for obtaining the 
raw materials re(juired in the works themselves. Immediately connected 
Avith lliis matter is the right of oAvnership in the minerals. In foreign 
countries generally, this eliargc is one of trifling extent, which is far from 
being tlie case Avith ourselves, A^'here, on a ton of pig iron Avorth about lo.s*., 
the manufacturer Avill contribute about 4.^. for royalty to the oAvner of the 
soil ; Avhilc on tlie continent one-foui'tli of this sum Avill sometimes cover 
all that is IcAued for the right of Avoiking the coal and ironstone for the same 
quantity of iron. In spite, hoAvever, of those disadvantages, and of others 
related to the extraction of coal in Britain, the purity of the produce of our 
collieries and the faAxmrable conditions under Avhicli it occurs, conduce to 
])]ace this countrjx so fur as fuel is concerned, in a jiosition rarely approached 
hy that of any European nation. A\4ien the ores themselves have to be con- 
sidered, much greatc'r difficulty meets us than is experienced in the case of 
coal. In addition to jiricc avc have to look to the percentage of iron they 
contain, and also to tlie Avidedy ditf rent qualities of the metal they yield. 
Any very lengthemal exposition of facts, hovcver, would not only be tedious, 
but Avould lead to some eonlnsion. AVe must therefore content ourselves 
Avith the statement that the advantages in cost and quality of iron ore pos- 
sessed l)y Scotland, Staffordshire, Wales, and the West of England, arc all to 
he sevc'rally mot Avitli on the continent, and from this general statement Ave 
cannot even except the Cleveland ironfield. for a similar deposit is extensi\’cly 
Avrought in the ;^iosclle district, and at a price fully below that paid inJ^orth 
Yorkshire. 

Conditions, liowever, immediately conneef ed Avith the economy of producing 
jiig iron, obtain in tliis kingdom AAdiich are seldom met Avith abroad. The ore 
Avliich has to he smelted is here cither often got from the same strata Avhich 
furnish the coal, or the space of country aaIiIcIi separates the tAVO is iiicon- 
siderahle. Tlio distances, on the other hand, AAliich as a rule intervene 
lietweeii the coalfields and the iron mines on the continent, are so great gs 
to jirove a source of considerable outlay for conveying the produce of the one 
to the other. 

With regard to tlie application of science to those sections of our operation 
Avliicli arc dependent on chemical action, Aiz. the blast-furnace and the pud- 
dling process, the iron-master in other countries, as here, can only lament 
how little chemistry has hitherto been able to effect for either. The labours 
of Karsten, Scheorcr, Ihinscii, Tunner, and others, liaA^e throAvn great light 
on the intricate and interesting problems connected with the working of our 
l)last-furnaces. We have been informed by means of their investigations, 
and those of pliilosophers in this country and clscAvhcre, that difiercnces we 
know to exist between certain qualities of iron were due to minute quantities 
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of silicon, phosphorus, or sulphur; but these experimenters have never 
taught us how to separate, economically, those almost inhiiitesimal amounts 
of substances, lo rid our produce of which has defied their science and our 
practice. 

Both on the continent and in this country, the success attending the use 
of the blast- and puddling-furnaces rests, in a great measure, with the work- 
men ; and so far as waste of material, qualit}^ of produce, or any other test, 
enables one to judge of the results, it is as absurd to impute any superiority 
to either side, as it is impossible to find a higher degree of science, whore 
both British and foreign artisans are equally iiniiistructed in respect to the 
true nature of the process under their control. 

It may be well, at the sumo time, for our own workpeople to know that, 
although we had the start in this particular field of industry, there is not oiu' 
department, from rolling the hnest unre iron and ilie thinnest tin plates or 
hoops, to turning out the larg(*st rails or heaviest armour plating, in whicli 
these operations are not perfumied quite as wc'll h}^ foreign labour as by the 
most expert rollers in the best mills in this couutT*y. 

lleverting now to the relative facilities enjoyc'd on the continent and here 
in the manufacture of iron, it maybe remenilx'red tlnit onrs have bemi statial 
to lie in the possession of mines yielding coal iqion more favourabh' condi- 
tions, and in the more convenient geograjdiieal (listriliuiion of our minerals. 
To the last may bo added the easier transport of our manufactured jjroduce 
to a seaport, due to the insular character of our country. Against this W(' 
have to set the lessor charge for royalties on coal and ironstone abioad, 
together with the fact, not previously noticed, tliat their railway trans])ort 
is somewhat less costly than with us, reekoiuMl for otpnd distance>. TIi'‘ 
saving thus effected in France and other places cannot account foi’ the dis- 
appearance which occurs, to a great extent, of tlu' ('ffoct of those natural 
advantages, economically speaking, placed at the (lis|)osal of the iron manu- 
facturers of this kingdom. 

So far as a careful examination of iron-works producing above oni'-lndf 
of the collective make of France, Belgium, and the Kiihr district has enabled 
Mr. Lancaster, the iron-master of Wigan, and mysedf to judge, this is diK' 
neither to greater science possessed by the iron-master, nor to greater skill 
on the part of the workmen, but is wholly to be ascribed to the chenper rat(‘ 
at which labour is obtained abroad than with ns. 

To ascertain as exactly as possible whether the foreign artisan could, from 
surrounding circumstances, dispose of the w^ork of his hands upon cheapei' 
terms than persons of his own condition are able to do with ourselves, I 
made myself acquainted, while in Sweden, France, Belgium, and Prussia, 
with the cost of the necessaries of life consumc'd by the working population. 
It is almost superfluous to say that <.he creation of additional industry abroad, 
and above all, the equalizing effect on prices by the introduction of free trade 
here, have entirely changed the aspect of affairs, and that, in consequence, 
provisions are at least 20 to 30 per cent, dearer to the foreign labourer than 
they were twenty years ago. Without going into details, it may suffice to 
say that animal food is only 3 per cent, cheaper in the chief scats of con- 
tinental manufacture than with us — while house-rent and clothing are a])Oiit 
the same in value with both. On the other hand, at the present moment, 
wheat is fully lower in England, and our own workmen do not pay half the 
price charged to persons of their own class abroad for firing employed for 
domestic use. 

Notwithstanding this almost perfect equality in the cost of the necessaries 
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of life, labour on the continent is, in very many instances, 30 per cent, below 
the price it commands in this kingdom. This estimate is based on calcula- 
tions whore there is no room for any great difference in the nature of the 
work performed, common brick-making being assumed as one of the standards 
of comparison. In the manufacture of iron itself this difference is occasionally 
still more remarkable. Colliers, miners, mechanics, iron workers, in short, 
every one engaged in the process appear to be receiving 20 to 30 per cent, 
below the rates current in tliis country, and in some cases double, and more 
than double, the wages paid abroad are earned in our English iron-works. 
The iron -masters here have endeavoured to meet what would be an intole- 
rable burden in the production of an article made up almost exclusively 
of labour, by adopting means for reducing its amount, often considerably 
in advance of those met with in foreign establishments. After all this has 
been done, however, it leaves us to contend with an extra charge of at least 
15 to 20 per cent, in the item of wages, which, in the majority of instances, 
will be found to annihilate any advantage of position we may otherwise 
possess. 

It must he clear that when this country" has to compote with foreign 
nations in articles involving a still higher amount of labour, such as steam- 
engines and other kinds of machinery, the difference in wages just alluded to 
acts still more i)rej udicially to the advancement of our national industr5^ 

To the political economist, the question of the future of our iron trade, from 
its magnitude, cannot fail to he one of great interest. The extent also to 
which steel has lately taken the jdace of iron in the arts, necessarily confers 
upon this material a cons]ucuou8 position in anj' consideration he or the 
metallurgist may bestow on the subject. Tliis becomes more necessary from 
the fact that only a very limited number of ores are capable of affording iron 
of the necessary quality for the production of steel, by any of the processes 
now in existence. It is of importance, therefore, to know that even in 
Austiia, SAvedon, and Germany, whore suitable mineral for this purpose docs 
occur, it is found in quantities quite as limited in extent as prevails with us ; 
ill France also, ivliero prcqiarations for manufacturing Eessemcr steel on a 
very extensive scale are being made, largo quantities of ore arc required to 
be imported from Algeria and elscAvhere to obtain that kind of pig iron which 
their own minerals alone are found ineapahle of supplying. 

Tlie great strength, hoivever, of our oivn position as iron manufacturers, it 
ajipears to me, must be sought for in th(*se incomparable fields of coal wFich 
constitute so important a feature in our minei'al wealth. I am very sanguine 
iliat the advantages thus secured to us will, notwithstanding present diffi- 
culties, maintain the iron trade among the most jirominent of our national 
1) ranches of commerce. This conclusion is arrived at from a consideration of 
the various circumstances connected with the use of coal and the means 
possessed by diiierciit nations of satisfying the constantly increasing demands 
this use creates. In Great Britain we raise annually something like 
10(1, 000, t)00 tons of this mineral, of which 10,000,000 are exported, and 
about 20,000,000 are devoted to the use of our iron-ivorks, leaving thus 
70,000,000 of tons for consumption in other descriptions of mamifactorios, 
jiurposes of locomotion, and for domestie use. In Franco and Belgium 
together, less than one-fourth of our production is obtained, and this only by 
great exertions being made to obtain the largest possible quantity their minm 
are capable of affording. After satisfying the requirements of the iron-works 
of these two countries, not much over 15,000,000 of tons would remain for 
carrying on those operations in which, with a smaller population. We are 
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consuming 70,000,000 tons of coal. Now, when wo remember the various 
purposes to which coal is now applied, and where even a considerable aug- 
mentation of price will not preclude its use, wo must at the same time perceive 
the serious effect any great change in the value of fuel must exercise on the 
production of an iron railway bar requiring five or six tons of coal for its 
manufacture. In reality, this disproj^ortion between the value of coal and 
iron as compared with this country is already perceived abroad, where, not- 
withstanding greater mining difficulties than we have to contend with, fuel 
commands a price sufficient to cover this, and also leave a greater margin of 
profit than falls to the share of the coal owner in this country. 

Pavoured thus, as we undoubtedly arc by nature, there seems nothing 
wanting for our success in this noble branch of manufacturing science than 
a continuance of that unflagging spirit of enterprise on the part of the 
masters, and the exorcise of that operative skill on the side of our workmen, 
which is still unsurpassed in any iron-producing country of Europe ; hut in 
this alliance a correct knowledge by both of the competition we have to meet, 
and a thorough belief in the insej^arablc union of the interests of each, arc 
indispensable. 


Third Rf'pnrt on ihc Sfriictiire and Classifii ncion of {he Fossil 
Crustacea, By IIenuy AVooDWAiiD, F,Z.S,, of ihc British 

Museum, 

SixcE I had the honour to submit to the British Association my last lleport 
on the Structure and Classification of the Fossil Crustac('ii, the first i)art of 
my monograph on the Mero.siomafa has been issued by the l’aheontogra}>hical 
Society. About seven more plates are already preparc'd for the second part, 
of some of which I am enabled to exhibit proofs. 

The magnificent collection of remains of this rcinarkable group of Crus- 
tacea from the Devonian of Forfarshire, belonging to ^Ir. James Powrie, 
F.G.S., of lleswallie, are on view in the Volunteer Drill Hall. 

A fine series, comprising several new forms, from the black shales (Upper- 
most Silurian) are exhibited at the present Meeting (Panmnre’^t. Chapel) by 
Mr. II. Slimon from Lesmahagow, Lanarkshire, and arc worthy of a careful 
inspection by all who are interested in gcolog 5 \ 

In the immediate neighbourhood of Dundee, at Montrose, at the Univer- 
sity of St. Andrews, at Arbroath, at llossie Priory, and in the AVatt Insti- 
tution in the town itself, some of the best specimens ever yet found of the 
remains of Ptenjgotus are to be seen ; whilst Bakuddery Den, Carmyllie, 
and the quarries in the 8idlaw Hills, exhibit the Arbroath paving- stones ” 
and overlying fissile shales, whence these remains were proem ed. 

Among the new forms which have been obtained by IMr. Plimon in his 
exploration of the shales of Logan Water, are some almost entire remains 
of a form allied to Fteryyoias punctatvs (called by Mr. Salter /Y. sc orpi Okies'^), 
wliich prove it to be an Euryptcrus and not a Fiery yotns. Another new form 
allied to Ft, bilohus and perornaim, but having the anterior segments much 
broader and shorter, and with a somewhat different form of thoracic plate, 

^ A MS. label bearing this name is attached to a Bpeciiiicn of a portion of this same 
species in ihc Museum at Jermyn Street. 
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has been met with. It will be needful to modify the specific name of Ft, 
bilobus, as the new form, and perornatus ^ both have a bilobed telson likewise. 

If the name is retained, it must be applied to all three forms thus : — Pt, 
bihhtis, var. inornatus ; Pt» hilobus,YB.T. crassus* ; Pt. hHohus, vox, perornatus. 

In the Quarterly Journal of the Geological Society, vol. xxii. part 1, 
February 1867, p. 28, and in the British Association Report for 1866, 
p. 180, and Sections, p. 79, I pointed out the affinities of the LimulidcB 
with the Earypteridoe, and in the first-named paper I recorded all the forms 
then known which tended to confirm their alliance. 

I have now to notice a new genus from Lesmahagow, Lanarkshire, which 
offers further evidence in confirmation of the correctness of the above-men- 
tioned classification. 

It is a small Limuloid formf, the carapace of which measures only 6 lines 
in breadth and 2 in length, having 5 thoracic and 3 abdominal segments, all 
of which appear to be free and distinct. The telson is unfortunately 
wanting, the specimen being close to the border of the matrix. 

This little form carries the Limulidce back in time from the Coal-measures 
to the Uppermost Silurian, a great and important extension. 

I shall take an early opportunity to describe this form in detail, and to 
work out its relationship to Belinurus on the one hand and Hemiaspis on the 
other. 


New Lower Lias Crustacean from Barrow -on-Soar, 

A new Crustacean, obtained some years since by Sir Philip Egerton, Bart., 
M.P., from the Lower Lias of Barrow-on -Soar, has since been also found by 
Mr. Charles Moore, F.G.S., near Bath. It is quite distinct from every other 
form which I have examined from the Lias or Oolite. Its nearest analogue 
is the recent Afya scahra of Leach, from South America. The limbs are 
monodactylous and extremely rugose ; the antonnoD are rigid, and the basal 
joints thick and spinose, resembling in these points of structure the genus 
Palinurina. The rostrum is short and curved downwards. The carapace 
was extremely thin, and less chitinous than in the genera Aeger and Penmus, 
it is therefore more easily destroyed or distorted. 

I propose to name this new form Pnmtya scahrosa. 

Upper Lias Crustacea from llminster. 

Having been favoured with the loan of a large series of specimens for ex- 
amination from the Upper Lias of Ilminstcr, collected by Mr. Charles Moore, 
F.G.S., of Bath, I have been enabled to add a considerable number of genera 
and species to our list of Liassic Crustacea. 

The two species of Eryon, E, antiquus and E. Moorei, have been already 
noticed by me from this locality (see Quart. Journ. Geol. Soc. vol. xxii. 
p. 499, pi. 25, fig. 3). 

I have since determined the following genera and species, which will be 
described at length in a paper by Mr. Charles Moore on the Ilminster lias, 
now in preparation j; : — 

♦ This interesting form of bilobus exhibits in one instance well-preserved branckia, to 
which attention was called, and drawings of which were shown by Mr. Woodward. 
They will be figured in the PalaJontoCTaphical Society’s Monograph on the Merostmnata, 

t The original specimen was exhibited of this, and also figures and specimens of th#^^ 
other forms from Mr. Slimon’s collection, believed to be new. 

1 See the Proceedings of the Somersetshire Archaeological and Natural-History Society 
vol. xiii. Published November 1867. Taunton. 
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1. Eryon, Desmarest. 

antiquus, Brod. sp, 

Mooreif H. W. 

2. Palinurinaf Miinst. 

— pyymcea, Miinst. Upper Lias, Ilminster. 

longipes, Miinst. Upper Lias, Ilminster. 

3. Penreus, Pabricius. 

latipes, Oppel, Upper Lias, Ilminster. 

4. Eryma, Meyer. 

elegans, Oppel. Upper Lias, Ilminster. 

Greppini, Oppel. Upper Lias, Ilminster. 

fuotformiSj Oppel. Upper Lias, Ilminster. 

5. Hefriga^ Munster. 

Frischmanni, Oppel. Upper lias, Ilminster. 

6. GlyphcBUy Meyer. 

Heeri, Oppel. Upper Lias, Ilminster. 

7. Pseudoglyphcea, Oppel. 

Winwoodif H. W. Lias, Weston. 

(Figures and specimens of these new species were exhibited.) 

The above list shows an addition to our Liassic Crustacea of seven genera, 
and probably nine species new to Britain. 

It is extremely interesting to notice so many forms common to onr Lias 
and to the Lithographic stone of Solenhofen in Bavaria. 

The persistence of such forms as Eryon, Eryma, and Glyphcea through 
the whole Oolitic series seems clearly to demonstrate that having escaped 
total extinction in the Lower Lias sea, they migrated from time to time to 
more favourable areas, and thus were enabled to live on during the periods 
of time represented by the long series of deposits from the Lower lias to the 
Lithographic stone, in which so many examples are found fossil. 


Oolitic forms of Decapoda BracTiyura, 

The genus Prosopon was established by H. von Meyer for certain minute 
forms of Crustacea from the Upper White Jura of Q^rlinger Thai, and other 
iocalities in Germany, of which he has described 29 species (see Palaconto- 
vraphica for December 1860, vol. vii.). In addition to these he has described 
I species from the Lower Oolite, 3 from the Coral Bag, and 1 from the Neo- 
3 omian. 

Amongst them, however, are placed forms belonging to a widely different 
yenus in no way related to the Corystidee. 

In Professor BeU’s monograph on the Crustacea from the Greensand and 
jlault (Pal. Soc. Mon. 1862) he has figured and described one of these, and 
^as correctly referred it to the Pinnoiheridoe, under the generic name of 
Plagiophtkalmm. 

This genus would probably include the following species of H. von Meyer : — 
Prosopon hehes, P. simplex, P, rostratum, P, spinoswm, P. ehngatum, P. de- 
yressum, P, ohimum, P, Ime, P, suhlceve, P. punctatum, P. Btotzimgense, P. 
)ud>eromm. 

The following are doubtful : P. insigne, P. eequUatum, P. marginatum, 
P. gra/nde, P, exdsum, P. lingulatum. 
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For tlie remainder the generic name ProBopon should be retained, viz. ; 
P. aculeatum, P, ornatum, P, torosum, P. Heydeni, P. cpquum, P. paradoamm. 

To this last division I have now the pleasure to add a new British species 
from Stonesfield. 

This form was first noticed by Professor Morris, F.G.S., who obtained an 
imperfect carapace many years since ; it was next observed by Mr. Samuel 
Stutterd, of Banbury, but likewise in an imperfect state. The perfect cara- 
pace now exhibited was kindly lent me by George Griffith, Esq., M.A., the 
Assistant-General Secretary of the British Association. All these three 
specimens are from Stonesfield, and they add another new genus to our list 
of British Oolitic Brachyura. I propose to name it Prosopon mammillatum. 

New Fossil Land -Cr ah from the Lower Eocene. 

Lastly, I wish to call attention to a new genus of Cnistacea from the 
Red Marl of the Plastic Clay, High Cliff, Hampshire, and is, I believe, the 
first discovered example of a British land-crab, or shore-crab, yet met with. 
Its oblong quadrangular-shaped carapace, with obtusely rounded anterior 
angles and short blunt rostrum, remind one immediately of the Ocypoda. In 
addition to this, the eyes have extremely elongated peduncles, which are 
seen preserved in the fossil, lying in the groove along the fronto-orbital 
margin of the carapace, as in the recent genera Gelasimus, Macrophthalmus, 
and Ocypoda. The hands are both small ; and from this, as well as from the 
very broad posterior border of the carapace, I infer that this is a female 
example, as in most of the recent species of Qnadrangulares the male has one 
hand enormously developed for burrowing, whereas the hands of the female 
are both small and very feeble. The other limbs are, like those of the recent 
species, well formed for rapid movement along the ground. I propose to 
name this interesting little Crustacean Goniocypoda Edwardsi, in honour of 
the great French carcinologist to whom science is so much indebted*. 


Report on the Physiological Action of the Methyl Compounds. 

By Benjamin W. Richardson, M.A.y M.D., F.R.S. 

In the present paper I produce the fourth of a series of Eepoi’ts which I have 
had the honour to prepare for the British Association. The Reports have all 
had relation to the physiological action of bodies of organic type. The first 
Report treated of the action of the substance knovni as nitrite of amyl. The 
second was on amylic alcohol, acetate of amyl, and iodide of amyl. The third 
was on the nitrite of amyl as a remedy, and the action of the amyls as anti- 
septics ; it included also notes of a research on the physiological action of 
absolute ether, hydrofluoric ether, acetate of ethyl, and nitrite of ethyl. 

As the matter of the present Report is long, I shall not attempt to reca- 
pitulate at any length the results of previous Reports ; I shall be content to 
offer as the more salient points the following facts : — 

In respect to the amyls — 

1. Nitrite of amyl was found to be the most active known excitant of the 
circulation. 


* See Qeol. Mag. Deo. 1867, rol. iv. p. 529, pi. 21. fig. 1. 
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2. All tlie compounds of amyl wHeh were studied were found to modify in 
a singular manner tlie motive animal power. 

3. One compound, amylene, is an anaBsthetic. 

4. All the amyls were found to be antiseptics ; and acetate of amyl, it was 
suggested, might probably be used, on an extensive scale, for the preservation 
of animal substances. 

In respect to the ethyls — 

1. Pure oxide of ethyl was found to be the best and safest anaesthetic for 
general anaesthesia. 

2. Hydrofluoric ether was found to be a most powerful agent for the de- 
struction or resolvency of living animal tissues. 

3. Nitrite of ethyl was discovered to possess an action similar to that of 
the nitrite of amyl, but with this striking difierence in young animals, — that 
when they are made to receive it until they seem to be quite dead, they 
will remain as if dead for eight and even ten minutes, and will then faintly 
recommence to breathe, the heart following in its action ; this condition, look- 
ing like an actual return of life, will sometimes last as long as haK an hour, 
and will then gradually cease, the animal lapsing into actual inertia or death. 

Such are a few of the facts elicited by these preceding researches ; but as 
the Association is always anxious to learn what practical results have been 
obtained from its works, or from works performed under its auspices, I shall 
be pardoned if I refer to one or two of the results that have followed upon 
the present series of Reports. 

The experimental truths which have been brought out in regard to the 
nitrite of amyl have led fco the application of this substance to the alleviation 
of human su&)ring. Dr. Heydon of Dublin has used the nitrite with advan- 
tage in the treatment of cholera, in the later stages of the malady. Diluted 
with ether in the proportion of 5 per cent., the nitrite has been shown 
to exert a marked controlling influence over painful spasmodic breathing ; 
and I hear that Dr. Brunton, of Edinburgh, has resorted to it with great 
success in the treatment of one of the most terrible of all maladies, cardiac 
apnoea, or angina pectoris. 

The Report last year on ether, although written very briefly, has excited 
much practical interest both here and in America. It has led to the intro- 
duction into medicine of a more stable and reliable ether compound ; and it 
has caused many surgeons to return, with satisfaction, to the use of ether as 
an anaesthetic in preference to the more dangerous agent chloroform. 

It is my hope that the Report now in hand, and which at the request of 
the Committee is, this year, on the Methyl compounds, will not prove of less 
service. 


RESEARCH ON THE METHYLS. 

The methyl series of organic compounds are already known in physiologi- 
cal science through one or two of their representatives, direct or substituted. 
Thus we have in the series the hydride of methyl, or marsh-gas, or fire- 
damp, which, as a cause of death, has been generally studied, and which, in- 
deed, has not escaped the intelligent observation of Mr. Nunneley, of Leeds, 
as an anaesthetic agent. Then, again, as substitution -products of this series, 
we have the well-known agent chloroform, the terchloride of formyle : and 
lastly, we have a substance concerning which there has been considerable 
discussion of late, the tetrachloride of carbon, also an anaesthetic. 

Before I go further, and that all may be carried with me, let me briefly 
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state what compounds of the methyl series are about to engage our attention, 
and what is their nature and derivation. 

The most common methyl- compound, that, in fact, which came first to the 
use of the world at large, is what is called methyl-alcohol or wood-spirit- 
naphtha, — a substance which comes over in combination with water during the 
dry distillation of wood. Chemically considered, this and all the other bodies 
of the series are constructed on a radical called methyl. This radical, which 
has only been isolated by one or two observers, exists as a permanent gas. Its 
composition, according to the new formula, is C Hg. 

From this radical we have handed to us by the chemist two sets of com- 
pounds. In one set we have the radical acting as a base, producing by com- 
bination with other elements bodies which may be taken as the analogues of 
salts. In the second set we have the carbon continuing steady, but the hy- 
drogen replaced by some other element. For convenience sake, I will place 
such compounds as I have studied physiologically in two groups, as fol- 
lows ; — 

Gboup (A). 


Methylic alcohol 

Hydride of methyl 1 
Marsh-gas — firedamp J 
Chloride of methyl . . . . 

Iodide of methyl 

Bromide of methyl . . . . 

Acetate of methyl . . . . 

Methylic other 

Nitrite of methyl 

Nitrate of methyl . . . . 


‘’S' 


0 . 


CII 3 II. 

CH,C1. 

CH3I. 

CH,Br, 

ch: 

CH 
CH' 
CH 
CH„ 
JCH, 

Ino, 


ilo\ 

1' 

' NO,. 

}o. 


0 . 


Geoup (B). 


Chloroform C H CI 3 . 

Tetrachloride of carbon CCl^. 

Bichloride of methylene C Cl^. 


Phtsiological AcnoN OF Methylic Alcohol. 

The methylic alcohol used was the pure alcohol. It is a colourless spirit, 
its specific gravity 0*810, its boiling-point 140° Fahr. The physiological ac- 
tion may be obtained either by direct administration with water, or by inha- 
lation of the vapour. When the methylic alcohol is thus administered so as 
to produce distinct effects, the first symptoms are those of excitement followed 
by languor. These symptoms are succeeded by laboured breathing, and soon 
by gaspings, and by deep sighs which occur at intervals of about four 
seconds. There is evidenced upon this, want of power in the limbs rol- 
ling movements on the side and complete intoxication. From this time, if 
the dose of the alcohol is continued, the animal lapses into utter prostration, 
and the breathing becomes blowing, with what is technically called bron- 
chial rale, due to the passage of air through fluid in the finer bronAial pas- 
sages. Throughout all these stages of intoxication there is imperfect 
1867. E 
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ansesthesia, and, up to what would seem the extremity of living action, sbme 
evidence of sensibility — reflex — is shown when irritation is applied. Brought 
to the lowest state of prostration by methylic alcohol, an animal will always 
recover slowly in a warm atmosphere ; the period required for recoveiy being 
from four to six hours at 65° F. During recovery there are no active con- 
vulsive movements, and tremors are not marked symptoms. 

When the intoxication arising from methylic alcohol is carried to the ex- 
tent of destroying life, the respiration and circulation cease almost simulta- 
neously. The lungs are left with a fair amount of blood, and both sides of 
the heart contain blood. The brain is much engorged with blood, and all the 
vascular organs are in the same state. The blood is not objectively changed 
in character. At first, during the state of excitement, it gives to the external 
vascular parts a marked redness ; but as the sjTnptoms are more permanent 
on the one side, or as recovery is pronounced on the other side, this passes 
away. The coagulation of blood is somewhat prolonged, but is not pre- 
vented. 

The evidence, on the whole, is to the effect that methylic alcohol influences 
principally the motor centres of the nervous system. At all events these 
centres are prominently influenced, and it is probably only when they begin 
to fail that the centres of consciousness and sensation succumb. In this 
respect the methylic, the ethylic, and the amylic alcohols have a common 
action. But on comparing the effects generally of methylic alcohol with those 
of amylic and of ethylic or common alcohol, I find the methylic much less 
potent. It produces prostration and muscular paralysis more quickly, but from 
that prostration recovery is far more rapid. I showed, previously, in regard to 
amylic alcohol that when the loss of power of the animal under its influence 
is complete a peculiar symptom is developed, viz. a universal tremor, accom- 
panied with a very deep inspiration. There is no spasm, no pain, no rigidity, 
but, in medical language, rigors of an intense kind. These rigors are soon 
established in regular rhythm, and by maintaining the experiment cautiously, 
they may be kept up for several hours. I have seen them for one hour at 
the rate of sixteen in a minute as regularly as possible, and by reduction 
of the agent have lowered them to twelve, eight, and four per minute. All 
through the breathing is tranquil and the action of the heart good. The 
rigor occurs spontaneously in this manner, but it can be excited at any mo- 
ment by touching the animal or blowing upon it, or even by a sharp noise, 
such as the snap of the finger. "When the animal is reduced to entire insen- 
sibility, if it be laid in the open air it begins to recover its sensibility at 
once, but the power to move is suspended for two or three hours, and the 
rigors also continue, but with decreasing force and frequency. Ultimately 
the animal recovers thoroughly, and is always very eager for food. When 
these urgent and, as they would seem, extreme symptoms are carried to their 
full extent, even an experienced observer would think that recovery were im- 
possible ; but in truth the animal cannot be killed by any fair play with amylic 
alcohol. In order actually to kill, it is necessary to complicate the experi- 
ment by actual reduction of air, or by closing the chamber and retaining the 
earbonft acid of the breath. I showed again, in regard to ethylic alcohol, 
that in a minor degree these same symptoms were developed. In poisoning 
by methylic alcohol these symptoms are nearly altogether absent. The recovery 
is not only rapid, but easy, approaching, in fact, recovery from the inhala* 
tion of ether. 

I notice specially this difference of action of the three analogous alcohols 
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for two reasons ; first, because the fact is an exposition of a general physio- 
logical law in relation to bodies of the same series ; and secondly, because 
there is a practical lesson behind bearing upon the employment of these sub^ 
Stances. The physiological law is this, that the period of time required by 
these bodies to produce their effects, and the period of time required for re- 
covery, turns altogether on the evaporating-point of the fluid used. This is so 
certain that when in an analogous series of fluids the action of one of the 
scries is well learned, the action of the others may be safely predicted from 
the boiling-point. In illustration, hero are these three alcohols — amylic 
alcohol, ethylic alcohol, and methjdic; the first boils at 270° Fahr., the 
second at 174°, the third at 140°. If wo intoxicate three animals of the 
same kind with these alcohols, carrying the symptoms in each case to the 
same degi'ec, and then leave the animals to recover in the same temperature, 
say G0°, — then if the animal in the mcthylic alcohol he four hours recovering, 
the one in ethylic alcohol will bo seven hours, and the one in amylic will be 
sixteen hours. 

The explanation of this fact is very simple, and reduces the phenomenon 
to a question, I had almost said, of mechanical force. The alcohols taken 
into the body enter into no combination which changes their composition. 
They pass out of the body chemically as they entered it, and their evolution 
and the time of their evolution is a mere matter of so much expenditure of 
force (caloric) to raiso them and carry them off. To test this more directly, 
intoxicated animals were placed in different degrees of temperature with the 
unerring result of a quickened recovery in the higher degrees. 

The practical lessons I would refer to are two in number, I would sug- 
gest that in aU cases of alcoholic poisoning in the human subject, the most 
important condition foi* recovery is a high temperature. The use of the hot- 
air bath raised to 150° or even 180° would bo the most perfect means of re- 
covery. l^ext 1 would point out that as methylic alcohol is much more rapid 
in its action, and much less prolonged in its effects than is common alcohol, it 
would he used with great advantage by the physiological physician in all 
cases whore ho feels a demand for an alcoholic that shall act instantly, and 
with the least possible ultimate expenditure of animal force for its elimina- 
tion. It must be observed that in the end aU these alcoholic bodies are 
depressants, and although at first, by their calling vigorously into play the 
natural force, they seem to excite, and are therefore called stimulants ; they 
themselves supply no force at any time, but take up force, by which means 
they get away and therewith lead to exhaustion and paralysis of power. In 
other words, the calorific force which should be expended on the nutrition and 
sensation of the body is expended on the alcohol. 

I have only to add to this recommendation of methylic alcohol as a me- 
dicine in substitution for common alcohol, that the methylic spirit when quite 
pure is extremely palatable, that it mixes easily with water, hot or cold, and 
that it makes excellent toddy in the proportion of half an ounce to half a 
pint of hot water. In a conversation I had a few days ago with one of those 
veterans in physic, who links the medicine of the last generation with the 
present, he told mo that the most celebrated iibysician and scholar of Ms 
acquaintance having once tasted wood-spirit took to it as a drink, and liked 
it so much better than any other stimulant that he held to it to the last, to 
the long term of well nigh ninety years. 
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The HyDEiBE of Methtl. 

The hydride of methyl occurs naturally in the form of firedamp in mines, 
and marsh-gas on land. It is made artificaUy by heating together in a strong 
flask acetate of soda, caustic potash, and well- dried lime. For physiological 
experiment the hydride of methyl can only be administered by inh^ation. It 
is a pleasant gas to inhale, producing no irritation, nor yet giving rise to any 
of those feelings of excitement which are induced by nitrous oxide gas, or 
the vapour of chloroform. 

As the gas is often a cause of death in mines, I thought it was worth in- 
quiring what percentage of it would prove fatal in the air. I therefore had 
constructed a glass chamber through which an atmosphere charged with 
known quantities of the gas could be passed. To my surprise I found that 
even pigeons, animals peculmrly susceptible to the influence of narcotic gases, 
could live in an air charged with not less than 35 per cent, of the gas for the 
space of half an hour, while I could myself inhale the air coming from 
their chamber without anxiety. 

When by pushing the inhalation further death is induced, it is as a very 
gentle sleep, so gentle indeed that it is difficult to say when the action 
either of the circulation or of the respiration is over. The lungs are left 
with blood in them, the heart has blood on both sides, and the blood itself 
retains its natural character. The death is by the slow negation of breath- 
ing. We may gather from these facts many important lessons in regard to 
the risks and dangers of miners from firedamp. I should think it is almost 
impossible that any body of iren, or any men who were awake in a mine, 
could be so entrapped with firedamp only as to die in the absence of an ex- 
plosion. In accidents where this seems to have occurred, I should imagine 
that with the firedamp there is also evolved carbonic acid gas. I can, how- 
ever, imagine after an explosion, when the mine becomes for a moment a 
great vacuum, that there would be sufficient entrance of the gas to produce 
a fatal atmosphere. In such case death would be prolonged, but as easy as 
sleep ,* two truths, which in cases of accident should inspire thankfulness and 
hope — thankfulness that those who thus die for us suffer little, hope as to 
the possibility of rescue which should not for days be abandoned. The best 
direct means of recovery of those under the influence of firedamp is expo- 
sure to heated air, with the administration of warm nourishing drinks, such as 
milk. Alcoholics do decided harm. 

[From this point the author proceeded at length with the descriptions of 
the actions of chloride of methyl, the iodide, bromide, and acetate, methodic 
ether, nitrite of methyl, and the nitrate, which we must very briefly record, 
and pass to his researches on chloroform and its allies.] 

Chloride op Methyl. 

The chloride of methyl made by the direct action of hydrochloric acid on 
methylic alcohol can only be conveniently used for physiological purposes, 
as a gas, or as a gas saturating ether. It must therefore be administered by 
inhalation to see its full effect. I took some of it by the mouth in solution 
with ether, but the heat of the mouth prevented me from swallowing it per- 
fectly. Inhaled with atmospheric air, in the proportion of 15 per cent, it 
produces in all animals good anjesthesia, without excitement and with excel- 
lent recovery. Carried to the extent of causing death, the action of the 
heart outliyes the respiration ; the lungs are left with blood in the jpulmonio 
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circuit, and both sides of the heart are filled with blood which is little 
changed in colour. The muscles retain their irritability after death, and are 
capable of response to galvanism for two and even three hours after death, 
while the heart will continue to pulsate spontaneously for half an hour or 
even forty minutes. 

Iodide of Methyl. 

The iodide of methyl that was used was made, in the usual way, by distil- 
ling wood-spirit with iodine and phosphorus ; viz. 12 of spirit with 8 of 
iodine, and 1 of phosphorus. The fluid at first was nearly colourless, and 
boiled at 108° Eahr., its sp. gr. being 2*199. Although kept well excluded 
from the light it underwent slight change, setting iodine free. It is altoge- 
ther a very difficult compound to manipulate with, physiologically, in the con- 
centrate form. It can be managed better when diluted with methylic alcohol 
or with ether. I succeeded, however, to subject animals to the vapour, and 
discovered that in proportions of 1 0 per cent, the action of the iodide is the 
same as that of the chloride, t. e, it is a very good anaesthetic. When, how- 
ever, the iodine is escaping there is profuse lachrymation and salivation. 
There is also free secretion from the bronchial surface, and one animal died 
from this accidental bronchitis some hours after it had recovered from the 
anaasthesia. 

Bromide op Methyl. 

The bromide of methyl, the analogue of the chloride and iodide, bromine 
taking the place of chlorine or iodine, is a substance having a specific gravity 
of 1*660, and a boiling-point of 55° F. I used it in experiment by inhalation 
alone, and also in combination with ether in equal parts. It was discovered 
as good an anaesthetic as the chloride, and recovery was perfect ; but there 
was some degree of irritation and salivation excited, results probably due to 
free bromine. The irritation is produced chiefly in the eyes and in the 
salivary glands, causing lachrymation and salivation. 

Acetate of Methyl. 

The acetate of methyl obtained by distilling acetate of soda, oil of vitriol, 
and methylic alcohol, with rectification over lime and chloride of calcium, is 
a clear fluid with an agreeable odour. Its specific gravity is *910, and its 
boiling-point 136° Fahr. It is administered easily by inhalation, and in four 
minutes, in the proportion of 9 per cent., it produces gentle sleep with quick 
recovery if the administration be short. Prolonged inhalation causes difficult 
breathing. It is a substance which admits of being largely used in medicine, 
in cases where a diaphoretic and narcotic are required in combination. 

Methylic Ether. 

This substance, obtained by the action of sulphuric acid on methyUc alcohol, 
is a gas at ordinary temperatures, and does not admit of being used physio- 
logically in any other state. It has an agreeable odour, and is taken up 
easily by ether. I used it most conveniently with ether, liberating it by heat 
below the boiling-point of the ether. Administered by inhalation it produced 
perfect anaesthesia, and that in an easy and rapid manner. The breathing 
is scarcely disturbed, and the action of the heart is extremely regular. Ee- 
covery is not very rapid, but perfect. 
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NmiTB And Nitbatb of Me1:htl4 

The nitfite and the nitrate of methyl possess an action so much in com- 
mon that I may take them together. The nitrite made by the action of ni- 
trous acid on methylic alcohol is most conveniently used with other. The 
nitrate made by distilling the wood-spirit with nitrate of potash and sulphuric 
acid can be used directly. It is a heavy liquid, having a specific gravity of 
1*180 and a boiling-point of 140*^ Fahr. 

As with the nitrites of amyl and ethyl, the action of these substances is 
to produce intense excitement and rapid action of the heart and arteries. 
The action, however, is not so vehement as from nitrite of amyl, and a lon- 
ger inhalation is required before the excitement is perceived. In the human 
subject the face becomes red, the vessels of the head seem fall and distended, 
and the pulse is readily brought up to 120 and even 1 30. On the inferior 
animals the same excitement is manifested, and death is preceded by convul- 
sive jerks. After death the lungs are found collapsed and white, and the 
heart flaccid and full of blood on both sides. On exposure to the air the 
heart recommences to contract, and continues its contractions for long periods, 
in one case (a rabbit being the subject) for forty minutes. The blood in the 
blood-vessels remains fluid for an hour or more, ])ut coagulates readily on 
exposure to a warm air. The muscles throughout the whole of the body are 
flaccid, but will contract, for periods of one and two hours after death, under 
the influence of the galvanic current. Neither nitrite nor nitrate of methyl 
produce true anscsthesia. 

Of the two substances the nitrate of methyl is most conveniently used, 
and as it possesses all the physiological properties of nitrite of amyl with less 
energy, it would, I think, bo the best agent in medicine. Its power in pro- 
ducing muscular relaxation is most marked and general, and its employment 
in cases of a desperate spasmodic character, as in tetanus, would be a ratioiial 
scientific procedure. 

I now come to the second group of substances to which I have directed 
attention ; viz., chloroform, tetrachloride of carbon, and bichloride of methy- 
lene. 


Chlokoform. 

Chloroform made by the action of bleaching-powder on methylic alcohol, 
or ethylic alcohol, is a substance so well known as an anaesthetic that I shall 
dwell but very briefly upon it. It has a specific gravity of 1*495, and it boils 
at 142° Fahr. From the large number of experiments I have made with this 
substance to determine its mode of action, and the manner in which it some- 
times destroys life, I am led to the conclusion that its first influence is always 
exerted on the centres of motion of the nervous system with an extension of 
that action to the centres of volition and sensation. I agree with Dr. Bnow 
in tracing out four distinct stages in its action, one of gentle excitement of 
the circidation, a. second of exalted action of the motor centres, a third of 
depression of motion with destruction of consciousness, and a fourth of com- 
plete p^alysis of motion and sensation. I have also been led slowly to tho 
odnviotion that the cause of death from chloroform is in every case due to 
arrest of nervous function, and that the idea of any direct action of the agent 
on the muscular structure of the heart is without foundation. In eighty-seven 
experiments conducted specially to determine the direct influence of chloro- 
form on the heart, I found in every case that organ capable of reaction oU its 
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exposure to the air, and the lungs always bloodless, white, and collapsed ; I 
found, in fact, precisely the same state of things as .occurs when the medulla 
oblongata is rendered inactive by extreme cold. Ihe mean period of time 
during which the muscles respond to galvanism after death by chloroform 
varies from twenty minutes to half an hour. The coagulation of the blood 
is natural. 

The advantages of chloroform over other anaDsthetics, so far known, are its 
readiness of application, and the prolonged action of the ansBsthesia induced. 
Its main disadvantage lies in its high boiling-point, and the consequent 
amount of force required to eliminate it from the body. Indeed, according 
to my experience it is never eliminated purely by the lungs, but by all the 
excreting organs, so that any error or deficiency in those organs may lead to 
such suppression of elimination that the nervous centres may become over- 
whelmed, with consequent arrest of their activity. The^temperature of the 
air exerts a marked influence on the cflects of chloroform in this respect of 
elimination ; the influence of the anmsthetic being greatly prolonged when 
the air is loaded with moisture and the thermometer is low. The best means 
of restoration in impending death from chloroform is the introduction into 
the lungs by artificial respiration of air heated to 130° Eahr. Under this 
influence, in animals even with the chest laid open, the heart is seen to leap 
into instant activity and the arteries to recommence pulsation. In one expe- 
riment this restoration of vascular motion was so distinct that the blood made 
its way round the arterial circuit, the nervous centres regained power, and 
the auimal (a dog) may be said temporarily to have lived again. 

To fill the lungs with warm air for the purpose described, a small pair of 
handbellows connecied with a tube of thfr metal, in a coil, answers well. 
With a spirit lamp the coil can be almost instantly made hot, and the air 
passing through it with brisk force can easily bo raised to 130° Pahr. It is 
only necessary to inject the air through one nostril. 

Teteachloeide of Caebon. 

Recently, the substance known as C Cl^ — the tetrachloride of carbon — 
has been brought into use as a substitute for chloroform. In this body all 
the hydrogen elements of marsh-gas are substituted by chlorine, and it is 
indeed the final result of the action of chlorine on that gas. It is a fiuid of 
not very ijleasant odour; its boiling-point is 172° Pahr., its specific gravity 
is 1*000. As this substance is now gaining importance, I have thought 
it proper to subject it to very careful experiment, and I feel it my duty to 
state, both on theoretical and practical grounds, that it is more dangerous 
than chloroform, and if it were as generally used it would act fatally in 
a much larger numfler of cases. In its action it presents the same four 
stages as chloroform, but the second stage is more prolonged and intensified. 
In one animal (a rabbit) tetanic convulsion of an extreme character was 
presented during this stage. But* the worst feature in the administration 
of this body is the slowness of its elimination, a slowness fully accounted 
for by the boiling-point. Saturating the nervous centres, and expending 
their force to the fullest, it kills far more quickly and determinately than 
chloroform, and so completely is motion paralyzed that the muscles scarcely 
respond to galvanism five minutes after dissolution. In order to make an 
exact comparison (and it is from this comparison I draw the results arrived 
at), I placed animals of the same kind, at the same time, at the salne tern- 
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perature in chambers of the same size, and administered the same doses of 
chloroform and of the tetrachloride of carbon. Pigeons and rabbits alike 
gaye evidence of the more severe effects of the latter substance. In this opi- 
nion my friend Dr. Sedgwick, who has rendered me the most valued aid in 
these inquiries, entirely coincides. 

The Bichlokide of Methylene. 

The last compound on our list is of great interest, from the circumstance 
that it promises to be a now and valuable anaesthetic. In experimenting 
with chloride of methj’l in ether, I was so struck with its good action that I 
asked Mr. Bobbins, the chemist who has prepared the compounds for me, to 
endeavour to find a more stable compound, having similar physical properties, 
from the methyl series. In a few days he brought me the fluid I now place 
before the Section, made for him by Dr. Versman. This fluid is the bichlo- 
ride of methylene. It is formed by the action of nascent hydrogen on 
chloroform, and it diflers from chloroform in that one atom of chlorine is re- 
jflaced by an atom of hydrogen. Its boiling-point is 88^ Pahr, and the odour 
of its vapour is sweet and much hke that of chloroform. On testing it phy- 
siologically I found it to be a gentle and perfect general anaesthetic. Under 
its influence animals lapse into the third stage of anaesthesia, with the 
slightest exhibiton of the stage of excitement. The insensibility is deep and 
well sustained, and the recovery quiet and good. [Dr. Bichardson hero 
showed an experiment of putting a pigeon into a deep sleep.] In some 
experiments, in order to sec the extreme effect, I have carried the adminis- 
tration to the extent of aiTesting the phenomena of liie. I have thus learned 
that the respiration and circulation, under the last action of this agent, cease 
simultaneously, and that the muscles retain their irritability for even an 
hour after death. The lungs are left with blood in the respiratory circuit, 
both sides of the heart arc charged with blood, and the blood itself remains 
unaltered in physical property. Compared with other anaesthetics, the bichlo- 
ride of methylene appears to me to combine the anaesthetic power of chloro- 
form with the safer properties of ether. It is too early to speak positively on 
this point, but if the expectation be fulfilled, the perfection of a general 
anaesthetic will have been obtained for the benefit of the w'orld. And, even 
should this happy result not be accomplished, the way at least is paved to- 
wards the discovery of some intermediate body which shall answer to the re- 
quired physical demand. 

In reviewing all the facts connected with the physiological action of the 
methyl series, we gather that, according to their composition, they exert cer- 
tain definite influences on different parts of the nervous organism. The oxide 
produces an influence of its own, that of slowly paralyzing the motor func- 
tion before destroying common sensibility. The nitrite and nitrate rapidly 
paralyze the centres of motion; while the ebdorido, the iodide, and the bromide, 
together with the substitution chlorine compounds, not only paralyze motion 
but also destroy sensation. I conclude this Eeport with one other observa- 
tion. At first sight it may seem that the isolation of the phenomena pro- 
duced by special agents, and the discovery of a new ansesthetic are sufilcient 
characteristics of this research. With every respect, I submit that a broader 
question is involved. At the Meeting at Birmingham I suggested, almost 
with a feeling of fear, that out of these studies might spring up a fixed prin- 
ciple of therapeutical discovery. How I have the conscious happiness of 
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knowing that the hypothesis was correct. I feel convinced, on this longer 
experience, that by continued labour we shall be able to pronounce the pre- 
cise physiological meaning and value of all the organic compounds, to extend 
the knowledge of the curative action of these compounds to every condition 
of disease that is physically remediable, and to bring therapeutics into the 
position of a positive science. 


Postscript. 

While these Transactions have been in preparation the opportunity has 
been afforded me of testing the action of bichloride of methylene as a general 
anaesthetic on the human subject, and with the happiest results. On October 
15th of last year (1867), having first inhaled the vapour myself to complete 
anaesthesia, I afterwards administered it to a lady while Mr. Spencer Wells 
performed one of the formidable operations in surgery. Xot one unfavour- 
able symptom resulted, and since then the bichloride of methylene has been 
in frequent use in surgery. Up to the present time (January 20, 1868) no 
untoward event has followed its administration. — B. W. 11. 


Preliminary Report of the Committee for the Exploration of the 

Plant Beds of North Greenland^ appointed at the Nottingham 
Meeting, 1866. 

Mr. Whymper, one of the Members of the Committee, haring made arrange- 
ments for visiting Greenland, a meeting of tlic Committee was held on the 
4th of April, in London, and it was there resolved that the sum of <£100 
voted by the British Association for the purposes of this exploration be 
handed to Mr. Whymper, on his giving a written undertaking to fulfil the 
conditions laid down by the Association, as far as lay in his power. 

In addition to this grant, Mr. Whymper was further assisted by a grant of 
X200 from the Government Grant Committee of the Royal Society. 

Mr. Whymper started from Copenhagen about the 20th of April, taking 
with him as assistant Dr. Robert Brown, a gentleman already well known 
for his explorations in North-west America, especially as to the Natural 
History of British Columbia. 

Since the expedition left Copenhagen, no intelligence from it has been 
received by this Committee. 

The description of the plant remains from North Greenland which have 
been already brought to these countries has been completed by Prof. Oswald 
Heer of Zurich, and his work on the ‘ Fossil Flora of the Polar Regions ’ is 
now nearly printed, and will bo published in a short time. 

Robert H. Scott, Sec, 
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Rt^ort of a Committee^ consisting of Mr. J. Scott Eussell, Mr. T. 
Hawksley, Mr. J. R. Napier^ Mr. William Fairbairn^ and Pro- 
fessor W. J. M, Rankine, appointed to analyze and condense the 
information contained in the Reports of the Steam-ship Perform- 
ance Committee and other sources of information on the same sub- 
ject. 

At the Nottingham Meeting of the British Association in 1866, the following 
recommendation was passed, — “ That Mr. J. Scott Russell, Mr. T. Hawkslcy, 
Mr. James R. Napier, Mr. William Fairbairn, and Professor W. J. Macquorn 
Rankine be a Committee to analyze and condense the information contained 
in the Reports of the Steam-Ship Performance Committee, and other sources 
of information on the same subject, with power to employ paid calculators or 
assistants, if necessary ; and that the sum of £100 be jdacod at their disposal 
for that purpose.” 

The Committee so appointed employed as a calculator and assistant 
Mr. John Quant, Naval Architect, who has discharged tlie duties entrubied 
to him with great industry and ability. 

The whole of the sum of £100 has been cx})eudecl. 

The contents of the present Report arc arranged as follows : — 

Catalogue of Tables as published in the years 1857, 1858, 1859, 1800, 
1861, 1862, 

Method of condensation. 

Table I. Condensed Table of Merchant Paddle Steamers. 

Table II. Condensed Table of Merchant Screw Steamers. 

Tables III., IV., Y., and VI. Condensed Tables of Men-of-War, forming 
four groups. 


Catalogue of Tables as puhlisJied in the years 1857-62. 

1857, Appendix A. — Tabular comparison, the old, the present, and proposed 
measurement for tonnage ; an analysis of ships and steamers, their proportions, dis- 
placement, weight, and resistance j engines and steam-power, and result of speed 
realized.” 

This Table is of little or no use for analyzation, for this reason — that of 
the few steamers of which the displacement and speed are given, no indi- 
cated horse-power has been returned, and vice versd. Some of the vessels 
contained in it are mentioned in the condensed Tables ; but their quantities 
are given as taken from other Tables. 

Table A. — Summary of returns, showing the performance of the Chester and 
Ilolyhead Company's steam-vessels * Anglia,’ ^ Cambria/ and ^ Scotia,’ and the 
consumption of coal between Holyhead and Kingstown, under certain conditions 
taken at standard- tests.” 

1858, Appendix II. — ^Table showing the difference which exists between the 
^ renter tonnage ’ of vessels and the ^ tons weight ’ of cargo actually carried in the 
trade and navigation of the United Kingdom with foreign countries and British 
*|OSses8ions in 1852, 185-3, 1854, and 1855, deduced from returns of the Board of 

1859, j^pendix V., Table I. — ^Return of the performance of the Chester and 
Holyhead Conmany’s steam-vessels, under trial for a standard test.” 

^ Appendix V., tabic H. — Copy of a return laid before a Select Committee of 
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the House of Commons* See Blue Book on Dublin and Holyhead Mail Seirvice^ 
1853, Appendix, p. 176. A return of Hie speed and consumption of fuel of the 
steamboats under regulated conditions of time, pressure, and expansion, for the 
imdermentioned periods,” 

Appendix V., Table HI. — Chester and Holyhead Railway, Steamboat Depart- 
ment, 1857. A return of the speed and consumption of coal, under regulated con- 
ditions of time, pressure, and expansion, for the undermentioned period (namely^ 
three months, from Janua^ 1 to March 31, 1857).” 

Appendix V., Table iV. — Chester and Holyhead Railway, Steamboat Depart- 
ment. A return of the speed and consumption of coal of the steamboats, under 
regulated conditions of time, pressure, and expansion, for the undermentioned 
period (namely, from April 1 to June 30, 1857).’ 

“ Appendix V., Table V. — Chester and Holyhead Railway, Steamboat Depart- 
ment. A return of the speed and consumption of coal of the steamboats, under 
regulated conditions of time, pressure, and expansion, for the imdermentioned 
period (namely, from July 1 to September 30, 1857).’’ 

Appendix V., Table Vl. — A return of the speed and consumption of coal of 
the steamboats, under regulated conditions of time, pressure, and expansion, for 
the undermentioned period (namely, from October 1 to December 31, 1857).” 

** Appendix V., Table VII. — Chester and Holyhead Railway, Steamboat Depart- 
ment. A return of the speed and consumption of coal of the steamboats, under 
regulated condilious of tmu‘, pressure*, and expatision, for the undermentioned period 
(namely, from January 1 to ilarcli 31, 1858).” 

Appendix V., Table VIII. — Chester and Holyhead Railway, Steamboat De- 
partment. A retm'n of the speed and consumption of coal of the express and cargo 
boats, under regulated conditions of time, pressure, and expansion^ for the under- 
mentioned period (namely, from April 1 to June 30, 1858).^’ 

Appendix V., Table IX, — Chester and Holyhead Railway, Steamboat Depart- 
ment. A return of the speed and consumption of coal of the express and cargo 
boats, under regulated conditions of time, pressure, and expansion, for the under- 
mentioned period (nameW, from July 1 to September 30, 1858).” 

Appendix V., Table X. — Chester and Holyhead Railway, Steamboat Depart- 
ment. A return of the speed and consumption of coal of the express and cargo 
boats, under regulated conditions of time, pressure, and expansion, for the under- 
mentioned penod (namely, from October 1 to December 31, 1858).” 

Appendix V., Table XI. — Chester and Holyhead Railway, Steamboat Depart- 
ment. Consumption of coal for the six montlis ending June 30, 1858.” 

Appendix v Table XII. — Chester and Holyhead Railway, Steamboat Depart- 
ment. Consumption of coal for the six months ending June 30, 1858.” 

** Appendix V., Table XIII. — A return showing the number of years run before 
the ^Anglia,’ ^ Cambria,’ ^Scotia,’ and ‘Hibernia’ bad new boilers ; number of miles 
run, and consumption of coal per mile, with and without raising steam, banking Ares, 
lying at Kingstown and Itol\mead ; steam-pressure in boilers. 

“ Appendix V., Table XI^)^. — Chester and Holyhead Railway, Steamboat Depart- 
ment. A return of passages made by the steamboats in 3J hours,” &c. 

“ Appendix V., Table XV. — Chester and Holyhead Railway, Steamboat Depart- 
ment. Mileage run, and expenses per mile, of the passenger boats in the years 1849 
and 1856, 1857, 1858.” 

‘^Appendix VII., Table I. — ^Result of experiments with the yacht ^Undine,’ 
July 6, 1858, oi\ the measured mile at Greenhithe.” 

Appendix VII., Table II. — Result of experiments with the yacht * Undine,’ 
July 29 and 30, 1858.” 

Appendix VH., Table III. — Result of experiments with the yacht ^ Undine,’ 
October 26, 27, and 28, 1858.” 

Appendix VU., Table IV. — Experiments with the yacht ‘Erminia,’ l2th Oc- 
tober 1858, in Stokes Bay.” 

This Table does not give indicated horse-power nor displacement. 

1860. Appendix I., Table I. — ^Table showing the results of nerformances at sea 
and on the measured mile, of seventeen vessels of the Royal mvy, of twenty-two 
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Teasels in the Merchant Service, and of two vessels of the United States Navy 5 
together with the paxticiilars of their machinery/’ 

This Table contains data of the Chester and Holyhead Bailway boats, as 
mentioned in former Beports ; the quantities given in it have therefore 
been selected for the present Beport. But in taking the dimensions of the 
ships, former printed Tables have been compared with this in order to ensure 
accuracy. 

Appendix I., Table IT. — Results of performances of the steamships in the 
service of the ^ Messageries Imp^riales ’ of France during the year 1858. ’ 

No dimensions of these ships have been given ; the}" have therefore been 
left out of the present Beport. 

Appendix II., Table I. — Chester and Holyhead Railway, Steamboat Depart- 
ment. A retmn of the speed and consumption of coal of the express and cargo 
boats, under regulated conditions of time, pressure, and expansion, for the under- 
mentioned period (namely, from January 1 to December 01, 1859).” 

Appenmx II., Table II. — Chester and Holyhead Railway, Steamboat Depart- 
ment. Chester and Holyhead steamboat’s consumption of coal for the six months 
ending 30th June 1859.” 

Appendix II., Table III. — Chester and Holyhead Railway, Steamboat Depart- 
ment. Chester and Holyhead steamboats’ consumption of coal for the six months 
ending 31st December 1859.” 

These three Tables show the performance of eight ships, the ‘Anglia,’ ‘Cam- 
bria,’ ‘ Scotia,’ ‘ Telegraph,’ ‘ Hibernia,’ ‘ Hercules,’ ‘ Ocean,’ ‘ Sea Nymph.’ 

“Appendix IV. — ^Tahle showing the ratios between the indicated horse-power 
and the grate, the tube, the other heating and total heating-surfaces, and the in- 
dicated horse-power ; ^o between the grate- and heating-surfaces and between 
the indicated horse-power and the coal consumed.” 

This Table contains two ships of the United States Navy, the same as have 
been mentioned in Appendix I., Table L: nineteen vessels of the Royal Navy, 
whose quantities also are mentioned in other Tables : and nineteen vessels of 
the Merchant Service, amongst which are the ‘ Anglia,’ ‘ Cambria,’ ‘ Scotia,’ 
and ‘ Telegraph.’ 

“ Appendix V. — ^Description of the huU, engines, and boilers of the United 
States sloop ‘Wyoming.’ Table I. Performance of United States steam-sloop 
‘ Wyoming ’ under steam alone. Table II. Performance of United States steam- 
sloop ‘ Wyoming ’ imder steam and sail.” < 

“Supplementary A^endix. — Table showing the trial performance of^the steam- 
vessels ‘ Lima ’ and ‘^gota ’ when fitted with single-cylinder engines, ^nd after 
being refitted with double-cylinder engines. Also the sea perfoimances of the 
same vessels under both these conditions of machinery, and on the same serViice.” 

This Table has also been embodied in Table II. of printed Beport, 

“ 1861. Table L — ^Betum of performance of Her Majesty’s vessels, fumishei 
by tbe Admiral^.” 

“ Table H. — Snowing the results of the performance of six of IJer Majesty’js 
vessels under various circumstances.” ^ * 

“Table HI. — ^Performance of Her Majesty ’s*Ship ‘ Victor Emmanuel ’ at sea.” 

“ Table IV. — ^Betum of seven trials on the measured mile in Stokes Bay of Her 
Majesty’s Ship ^Victor Emmanuel.’ ” 

“Table V.— Return showing the results of performance of eighteen vessels in the 
Merchant Service under various conditions.” 

“ Table VL— Chester and Holyhead Railway, Steamboat Department. A return 
dt speed and consumption of coal of the express and c^go boats, under re« 
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gulated conditions of time, presstire, and expansion, for the undermentioned period 
(namely, from the 1st Januarjr to Slst Marcn I860).” 

Table VII. — Chester and Hol^ead Railway, Steamboats. Consumption of 
coal for the twelve months ending l)ecember 31, 1860.” 

Table VIII. — City of Dublin Steam Packet uompany. A return of the average 
time of passage and consumption of coal of the mail steamers for six months, end- 
ing June 30, 1860.” 

Table IX. — City of Dublin Steam Packet Company. A return of the average 
time of passage and consumption of coal of the mail steamers for three months, 
ending September 30, 1860.” 

Table A. — Resultats de la navi^tion des paquebots des services maritimes 
des Messageries Imp^riales pendant Fannde 1869.” 

No dimensions of those ships have been given ; and they have therefore 
been left out of the present Report. 


Table XI. — Resultats de la navigation des paquebots des services maritimes des 
Messageries Imp^riales pendant I’annee 1860.” 

Of those ships also no dimensions have been given ; and they have there- 
fore been left out of the present Report. 

Appendix, Table XII. — Return of the average passages of mail packets, and 
consumption of coal for six months, ending 31st March 1861.” 

Appendix, Table XlII. — Steamship < Leinster,' on trial from Holyhead to Kino-s- 
town, April 4, 1861.” ^ 

Appendix, Tahe XIV. — Steamship ^ Ulster,' on trial from Kingstown to Holy- 
head, April 6, 1861.” 

1862. Table II. — Return of the particulars of the dimensions of twenty vessels 
in Her Majesty’s Navy, with the results of their trials upon completion for service.” 

Table III. — Results of the performances at sea, and when on triid, of Her 
Majesty’s ships * Colossus,' ^St. George,' and ^ Arrogant.’ ” 

Of these steamers also no displacement or indicated horse-power has been 
recorded. 


Table IV. — Results of the trials of Her Majesty’s Screw Ships, officially tabu- 
lated bv the Admiralty in 1850.” 

Table V. — Results of the trials of Her Maj esty’s Screw Ships, officially tabulated 
by the Admiralty in 1856.” 

Table VI. — Results of the trials of Her Majesty’s Screw Ships, officially tabu- 
lated by the Admiralty in 1861 (being a continuation of Tables IV. and V.). 
Steam Transport Service, Tables VlL, VIII., IX., X., XI., XII., XIH., XIV., XV., 
and XVI. (the last five Tables being summaries of the Tables VH. to XI.).” 

These Tables give the results obtained from vessels employed in trans- 
port service during the latter part of the Crimean war, showing the respective 
values of the several steamships, classified according to the nature of the 
employment, or the special character of the duties required to be performed ; 
and giving, in addition, the cost of moving each ship 1000 miles, &c. 

Table XVH. (continued).— Royal (West India) Mail Packet Company. St. 
Thomas to Southampton, distance 3622 miles.” 

“ Table XVII.— Royal (West India) Mail Packet Company. Southampton to 
St. Thomas, distance 3622 miles.” 

In these Tables, namely. Table XVII. and Table XVII. (continued), no 
draught of water is stated. They give the speed of the ship and consumption 
of coals, under various conditions of the state of the hull, of five steamers 
viz., the * Seine,’ ‘Tasmanian,’ ‘ Atrato,’ ‘ Shannon,’ and ‘ La Plata/ ^ 

“ Table XVIII.— Royal (West India) Mail Packet Company. Summary made 
from the Tables of dia^ms from indicator and working of the engines belon^g to 
the various ships included in the return furnished of the performances from South- 



63 EBPdEi? — 186f. 

tmpixm to St. Thomas, between June 3, 1861, and June IT, 1862, as given in the 
preceding Tables. 

Table XVIII a. — ^Table of diagrams from indicator and working of engines, 
showing the manner in which the summaries in the above Table are obtained,” 

In both these Tables dimensions are wanting, 

“ Table XIX. — Ketiirn of particulars of the dimensions of the Peninsular and 
Chiontal Steam Navigation Company’s Steamship ‘Moultan,^ with tabulated 
stateinent showing the results of her performance as compared with six other 
vessels in the same service.” 

Table XX. — Table of results of the performances of sixty-eight vessels of the 
Imperial and Royal Austrian Lloyd’s Steamship Company.” 

No dimensions of ships nor indicated horse-power are given in this Table. 

" Table XXI. — Table of experiments with Her Majesty’s Gunboat ^ Stork.’ ” 

No displacement given. 

Table XXII. — ^Eight logs of voyages of the ^ Great Eastem.’ ” 

Of the eight logs only three are returned with the indicated horse-power ; 
and those are used in the condensed Tables. 

t 

Table XXIII. — Dimensions and abstract of performances of the Pacific Steam 
Navigation Company’s new paddle-wheel steamships ^ Peru ’ and ^ Talca.’ ” 

No dimensions of wheels arc returned. 

Table XXIV. — Abstract log of, and notes upon, the performances of the African 
Royal Mail Company’s steamship ^ McGregor Laird.’ ” 

“ Table XXV. — Notes on the performance of the North German Lloyd’s Com- 
pany’s steamship ^ flansa.’ ” 

Table XXVl. — Log of the Earl of Durham’s sailing yacht ^ Beatrix ’ on her 
recent Mediterranean voyage.” 

The Tables published in the Report of the British Association for 1863, 
and various data as to the performance of steam-vessels which have been 
obtained from other sources, still remain to he condensed, in the event of the 
reappointment of this Committee. 


Method of Co7idensation, 

The following method of condensation was drawn np by the Committee in 
order that it might be followed as far as practicable. In some cases the 
nature of the data rendered deviations from the method in matters of detail 
unavoidable ; but its principles have been adhered to throughout. 

1. All results belonging to any special theoiy, and all quantities calculated 
approximately by inference, or ascertained otherwise than by direct mea- 
surement, to be excluded from the condensed Tables. 

2. Vessels for which any of the essential data (marked E in the annexed 
list) are wanting to he excluded. 

3. The remaining vessels to be divided into groups, according to their 
speed on trial ; for example, — 

Group 1, 

„ 4, 

t » 

„ 6 , 

„ 7, 


below 



7 

knots. 

from 

7 

to 

9 

99 

» 

9 

if 

11 

99 

99 

11 

99 

13 

99 

99 

13 

99 

15 

99 

99 

15 

99 

17 

99 

nbove 

17 knots. 
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Table L— MERCHANT PADDLE- STEAMERS. 


Groups of a Speed 

3 . 

From 9 to 1 1 
knots. 

4 . 

Between 11 and 13 knots. 

Subgroups of Displacement 

F. 

Between 2000 
and 4000 tons. 

D. 

Between 500 and 1000 tons. 

Name of Vessel 

La Plata. 

Anglia. 

Admiral. 

Cambria. 



f 

F= 84 l 


Length on load-water-line, in feet 

284 

187-83 ] 

M=54 V2IO 

197*75 



[ 

A=72 J 


Breadth, in feet 

40-5 

26-16 

32 

26*16 

Mean draft of water, in feet 

1909 

9 

7*5 

887 

Area of immersed midship section, sq. ft. 


186-25 

214 

201*1 

Di8]>]acempnt, in tons of o 5 cubic feet . . . 

3809 

620 

820 

840 




^ 1 * 4 ^ 


Material and state of skin 



Iron painted ; 


Engines. 



clean. 


Description 

Side lever. 

Doub. cyl. 

Double cylinder. 

Side lever. 

Number of cylinders 

2 

4 

4 

2 

Diameter of cylinders, in inches 

103 

• 48*5 

; 7 «- 5 1 

U^s f 

73*5 

Length of stroke, in feet 

9 

4*5 

4*25 

5 

Number of revolutions, per minute .... 

12-31 

25 

24 

23 

Nominal horse-power 

876 

330*52 


392-10 

Indicated horse-power 


816-07 

744 

995*35 

PaOPELLER. 





Description 

Radial, fixed. 

Modif.Morgan’e. 

Feathering. 

Modif.Morfi;an's. 

Diameter, in feet 

36 1 

24*5 

20*05 to journals. 

28 * 

Length of paddle, in feet 

105 

95 

7 

7 

Breadth of paddle, in feet 

3-16 

3-67 

3 

4 

Number of paddles 

28 

12 

1 1 

16 

Depth of immersion of lower edge, in feet 


5-16 


5*^3 

Speed of vessel, in nautical miles per hour 

10-79 

12*96 

12 

12*; 

Boilers. 





Description 

Tubidar. 

Tubular. 


Tubulaf. 

Pressure of steam in boiler, Ibs.on the sq.in. 

1 14-82 


25 

14*5 

,St,fvsTn-rooTn in cnhic feet 

4240 

300 



^Vater-ro'^m in cubic fc^t 



Number of furnaces 

1 J * * J 

1 24 

12 


12 

Number of boilers 

1 4 

2 


4 

Grate surface, in square feet 

616 

160 

100 

165 

Total heating surface 

16947 

4508-44 


6134 

Consumption of coals, in lbs. per hour ... 

8149 

5580 

2206 

5760 

Weights. 





Total of engines, in tons 

495*5 


210, with boilers. 

117 

Each wheel 

37*5 

22 


23*5 

Boilers without water 

219 

40*97 


66 

Water in hoilflfs ,, 

131 

35 


60 

Eeference to Reports 

i860. 

i860. 

i860. 

1860& 18^1. 

TnfnrTTiaf,inn supplied hy . .. 

Royal Mail Co. 

Admiral 

Prof. Rankine & 



log. 

Moorsora. 

J. R. Napier. 


Remarks 

Moderate wind 

Fairwind: fair 


Wind light. 


and tide. 

tide ; mo- 




derate sea. 




mi. 


F 
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Ghroups of a Speed 


Subgroups of Displacement. 


Name of Vessel 


Length on load-water-line, in feet 

Breadth, in feet 

Mean draft of water, in feet 

Area of immersed midship section, sq. ft. 
Displacement, in tons of 35 cubic feet . . . 

Mean immersed girth, in feet 

Material and state of skin 

Engines. 

Description 

Number of cylinders 

Diameter of cylinders, in inches 

Length of stroke, in feet 

Number of revolutions, per minute 

Nominal horse-power 

Indicated horse-power 

Peopeller. 

Description 

Diameter, in feet 

Ijength of paddle, in feet 

Breadth of paddle, in feet 

Number of paddles 

Depth of immersion of lower edge, in feet 
Speed of vessel, in nautical miles per hour 

Boilers. 

Description 

Pressure of steam in boiler, lbs. on thesq.in. 

Steam-room, in cubic feet 

Water-room, in cubic feet 

Number of furnaces 

Number of boilers 

Grate surface, in square feet 

Total heating surface 

Consumption of coals, in lbs. per hour . . . 

Weights. 

Total of engines, in tons 

Each wheel 

Boilers without water 

Water in boilers 

Beferenoe to Reports 

Information supplied by 

Remarks 


Table I. 


i 

4 . 

I Between ii and 


D. 

Between 500 
and 1000 tons. 


E. 

Between 1000 and 


Cambria 

(lengthened). 


Callao. 


Valparaiso. 


Lima. 


237 


232 


232 


251 


2616 

9-31 

200-03 

980 


29 

1112 

280 

1150 



308 

1220 


30 

II-5 

302 

1345 


Side lever. 

Double cylinder. 

Doub. cyl. 

Doub. cyl. 

2 

4 

4 

4 

73*5 

f 2 of 90 1 

r 2 of 90 1 

r 2 of 90 *1 

1 2 of 52 ; 

1 2 of 52 1 

[ 2 of 52 J 

5 

s 

5 

5 

20*25 

24 

24 

24 

392-10 

320 

320 

320 

* 37'34 

1050 

800 

1160 

Common. 

Feathering. 

Feathering. 

Feathering. 

^5 

26 

26 

26 

8 

8*5 

833 

816 

216 

3-08 

316 

3 

3 ^ 

12 

10 

12 

3*33 

4 

3*5 

4 

12*23 

12*9 

11-53 

12 

Tubular. 

Tubular. 

Flue. 

Tubular, 

superheated. 

14 

26 

22 

26 

1600 

390 

1600 


2000 

720 

2000 

12 

6 

6 

6 

4 

2 

2 

2 

450 

140 

130 

136 

6893 

3340 

2530 

3336 

5^1 

2240 

2464 

3024 

117 

220 

200 

220 

11*95 

26 


20 

83 

60 

34 

60 

63 

40 

36 

40 

i860 & 1861. 

i860 & 1861. 

i860. 

i860 & 1861. 


Randolph, Elder 
&Co. 

Randolph, 
Elder & Co. 

Randolph, 
Elder & Co. 

Moderate breeze; 
variable tide; 
comparatively 
smooth sea. 

Light headwind; 
variable tide; 
light head sea. 

Light wind ; 

dternate 
tide ; no sea. 



(contmued,) 






6. 


13 knots. 



Between 1 3 and 1 5 knots. 




B. 

D. 

E. 

2000 tons. 



Between 125 and 

Between 500 and 

Between 1000 



250 tons. 

1000 tons. 

and 2000 tons. 

Lima. 

Bogota. 

Bogota. 

Vulcan. 

Scotia. 

Telegraph. 

251 

250 

250 

0 

VO 

0 0 
00 00 

II II 

19^*57 

243-8 

30 

30 

30 

i 6*3 

27 

28*16 

12*15 

11*91 


4*5 

883 

9-67 

321 

302 

1410 


56 

140 

188*78 

680 

224*7 

1173 




14*75 








Iron painted, clean. 






Side lever. 

Double cylinder. 

Side lever. 

Oscillating. 

Double cylinder. 

Side lever. 

2 

4 

2 

2 

4 

2 

73 

f 2 of 90 *1 
\ 2 of 52 J 

73 

36 

5 ^ 

77*25 

6 

5 

6 

3*5 

4*5 

5*5 

22*5 

^3 


About 50. 

24 

25 

400 

320 

400 


379-92 

448 

1300 

1100 

1300 

412 

93418 

1165*98 

Ordinary. 

Feathering. 

Ordinary. 

Feathering. 

Modif. Morgan’s. 

Modif.Morgan’s. 

26 

26 

27*5 

12*2 to journals. 

24*5 

26*83 

8*5 

8-5 

8*5 

6 

10 

10 

a *5 

3*08 

^*5 

2-25 

3-67 

4 

24 

12 

24 


12 

14 


4 



6 

4*42 





13 

ia *5 

1275 

H *5 

13-61 

13*23 

Tubular. 

Tubular. 

Tubular. 


Tubular. 

Tubular* 

16*5 

26 


12 

14 




1450 

2520 

1600 

2000 

0 0 


325 

406 




12 

6 

12 


12 

12 

4 

2 

4 


2 

2 

252 

140 

252 


186 

166*25 

7655 

3340 

7652 


i 5390*91 

8758*01 

6720 

2240 

6720 


6240 

7800 

220 

220 

220 




16 

26 

11 



23 

23 

80 

60 

80 


47**7 

39 

70 

65 

70*5 

40 

70 


i860 & 1861. 

1860& 1861. 

i860 & 1861. 


]86o. 

i860. 

Professor Rankine, 
and Jas. R. Napier. 

Admiral Moorsom. 

Admiral Moor- 


Wind abeam ; 
variable tide; 


Bom. 

Light wind; tide 
partly fiivour- 

Light wind ; tide 
partly favourable. 

1 

1 

1 





short beam sea. 



able. 


p 2 
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Table I. 


•) 


Gboups of a Speed 


Subgroup of Displacement 


Name of Vessel . 


Length on load-water-line, in feet , 


Breadth, in feet 

Mean drait of water, in feet 

Area of immersed midship section, sq. ft. .. 

Displacement, in tons of 35 cubic feet 

Mean immersed girth, in feet 

Material and state of skin 


Engines. 

Description 

Number of cylinders 

Diameter of cylinders, in inches . . 

Length of stroke, in feet 

Number of revolutions, per minute 

Nominal horse-power 

Indicated horse-power 


Propeller. 

Description 

Diameter, in feet 

Length of paddle, in feet 

Breath of paddle, in feet 

Number of paddles 

Depth of immersion of lower edge, in feet.. 
Speed of vessel, in nautical miles per hour 

Boilers. 

Description 


Pressure of steam in boiler, in lbs 

Steam-room, in cubic feet 

Water-room, in cubic feet 

Number of furnaces 

Number of boilers 

Grate surface, in square feet 

Total heating surface 

Consumption of coals, in lbs. per hour . 

Weights. 

Total of engines, in tons 

Each wheel 

Boilers without water 

Water in boilers 


Beferenoe to Beports .... 
Information supplied by . 


Eemai4» 


E. 

Between looo 
and 2000 tons. 


Mersey. 


254*42 

30 

10-25 

261 

1300 


Oscillating. 

2 

60 

5 

30-25 

250 

1088 

Feathering. 

21-33 

8-5 

3-42 

12 

4 

12-288 

Tubular. 

20 

1125 

1620 

8 

4 

178 

5407 


81 

J3 

75 

45 


5. 

Between 13 


and 15 knote. 


i860. 

Boyal Mail Com 
pany. 

[Wind No. 4; ebbj 
tide; smoo^sea. 


F. 

Between 2000 


and 4000 tons. 


Delta. 


308 

35*^5 

^5 

400 

2300 

397 


Oscillating. 

2 

72 

7 

i5‘5 

400 

1624 

Feathering. 

26 

9*5 

4’5 

12 

625 

14-67 

Lamb’s flue. 

20 

460 


95 


'•45 


1861. 
ThamesShipBuild- 
ing Company. 
Wind light, S.W. 


Atrato. 


Shannon. 

Paramatta. 

336-5 


330 '3 

329*4^ 

40*02 


44 

4375 

16-33 


1696 

606 

16-71 

606-16 

3034 


3840 

547 

3862 

Side lever. 


Side lever. 

Double cylinder. 

2 


2 

4 

96 


97 

68125 

9 


9 

9 

14*8 


19-075 

17 

800 


775 

764 

2396-44 


1928-5 

2940 

Feathering. 


Feathering. 

Feathering. 

36*5 


31-8 to journals. 

38-5 

12 



12 

4*5 


4*5 

4*5 

*5 


>5 

15 

5’5 


5-96 

6-67 

13771 


13-898 

13*906 

2 Multiplying tubes, 
2 Sheetwater space. 


Tubular. | 

Tubular. 

16 


16 

17*5 

6392 


3070 

5292 


5250 

6440 

24 


24 

24 

4 


4 

4 

520 


567 

594 

16894 


18456 

5407 

800 1 


709 

291 

38 


77*5 

282 

69 i 

220 



150 

184 

i860. 


i860. 

1S60. 

Caird & Co. 


R. Napier and 
Sons. 

Royal Mail Com- 
pany. 

Confused tide. 



Wind variable ; 
tide and sea 
moderate. 


Above 16000 tons. 


Great Eastern. 


23*62 

1678 

20250 

75*3 


10*95 

3600 


F=33 o] 
M=I20 > 

A= 23 o J 
82*5 
23-71 
1685-42 
20500 

75*4 . 
Iron painted. 

Oscillating. 
4 
74 
H 

10*58 
1000 
34>i 


680 


23-60 
1676-35 
20240 
75'3 


10*49 


3411 


Radial, 


11*75 

14*28 


fixed floats. 

56 

13 

3 

30 

11*84 
13*40 I 


11*77 

13*13 


Tubular. 

Average. 


40 

4 


12700 I 16150 I 11804 

836 

185 


1862. 

|j. Scott Russell, and results oi 
three logs. 



6. 

Between 1 5 and 1 7 knots. 

C. 

E. 

Between 250 

Between 1000 

and 500 tons. 

and 2000 tons. 

John Penn. 

Leinster and 
Ulster. 

171-75 


1875 

35 

6-79 

13*37 

99 

330 

280 

1815 


40*24 


Iron painted. 

Oscillating. 

Oscillating. 

2 

2 

46 

96 

416 

7 

40 

*3*5 

150 

750 

798 

4160 

Feathering. 

Feathering. 

I4'83 

33 

616 

12 

292 

4 

10 

14 

0*83 

6*25 

*5*3 

16*28 

Tubular. 

22 

Tubular. 

3500 

8 

48 

2 

8 

129 

870 

3575 

17670 

22400 

27 

710 

8 

60 

1 \ 

170 

J 1 

140 

i860. 

1861. 

■John Penn and 

James Watt and 

Son. 

Wind No. 8; 

Company. 
Against ttoe; calm 

flood tide. 

sea. 
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Table II.— MEKCHANT 


SCBEW-8TEAMERS. 


G^roupB of a Speed 


3 . 

Between 9 


and 1 1 knots. 


Between 11 and 13 knots. 


Subgroups of Displacement 


Name of Vessel . 


A. 

Under 125 tons. 


Penelope. 


Length on load-water-line, in feet 


O. 

Between 250 


FB=7o1 

AB=5o/ 


and 500 tons. 


Between 2000 and 4000 tons. 


Between 250 and 500 tons. 


Breadth (extreme), in feet 

Mean draft of water, in feet 

Area of immersed midship section, sq. ft. 
Displacement, in tons of 35 cubic feet . . . 

Mean immersed girth, in feet 

Material and state of skin 



Lancefield. 

Macgregor 

Laird. 

Candia. 

San Carlos. 

Leonidas. 


F = 62 ] 

‘ M= 8 I145 

245 

281 

192 

203 

] 

. A =75 J 

^3 

30 

38-9 

30 

29*12 

1 

8 

17*16 

1875 

1 1*83 

7*75 


Engines. 

Description Inverted. 

Number of cylinders i 

Diameter of cylinders, in inches 16 

Length of stroke, in feet 1*33 

Number of revolutions, per minute 160 


Iron painted. 

High pr. inver. Inverted direct. 


Indicated horse-power 

100 

93 

157*09 

Propeller. 

Description 

4 



Diameter, in feet 

4-67 

4*^5 

7*83 

Pitch, in feet 

9 

lo’s 

11*25 

Length in line of shaft 

1*5 

*67 

1*33 

Number of blades 

3 

9*6 X 1*16 

3 

*71 

Boss, diameter in feet 

1*^5 

Depth of immersion at bottom 

5*^4 

467 

9*50 

Sp^ of vessel, in nautical miles per hour . . . 
Number of revolutions, per minute 

10*53 

10*85 

9*26 

160 

146 

101*74 

Boilers. 




Description 

Cyl mult. tub. 

Tubular. 

Tubular. 


Pressure of steam in boiler, in lbs 

3 team-room, in cubic feet 

Water-room, in cubic feet 

Number of furnaces 

Number of boilers 

Grate surface, in square feet 

Total heating surface, in square feet ... . 
Consumption of coals, in lbs. per hour . 

Weights. 

Total of engines, in tons 

Total of boilers, in tons 

Total of water in boilers 

Propeller 


13*062 

311*302 

336 


Beferenoe to Beports 1861. 1861. 1850 A i860. 

Information supplied by T. W. Dudgeon. Morrison & Co. Duke 01 Sutherland 

and J.Scott Bussell. 

Bemarks QaleN.E.; heavy Moderate wind; 

head’ and beam- no sea ; with and 
sea. against tide. 


157 

359 

27;64 

Iron painted. 
Inverted. 


Inverted geared. 


Gaining pitch. 
8 

16 to 17 


Chamb. 2, uprt. 
water-tubes. 


Tubular. 

Average. 


Double cylinder. 
4 

53 and 31. 
2*92 

47’5 

120 

500 


Vert. inv. cyl. 
2 
40 
»*5 

78 

100 

340 


10*5 

13*33 

Variable. 


Lamb’s patent. 


Spiral flue. 


Tubular. 


i86i. 1862. 1861. i860. 1861. 

Professor Bankino, Royal African George Rennie & Randolph, Elder & Morrison & Co. 

and Jas. B. Napier. Mail Co. Son. Co. 

Moderate sea ; quar- Topsail breesje ; mo- 


loderate sea ; quar- 
ter ebb; favourable 
tide. 


derate swell ; last of] 
flood, first of ebb. 
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Qroups of a Speed 


4 . 

Between ii 


Subgroups of Displacement. . 


Between 250 and 500 tons. 


D. 

Between 500 


Name of Vessel . 


Guayaquil. Muurocordato. 


Colombo. 


Length on load-water-line, in feet . 


Breadth (extreme), in feet 

Mean draft of water, in feet 

Area of immersed midship section, sq. ft. ... 

Displacement, in tons of 35 cubic feet 

Mean immersed girth, in feet 

Material and state of skin 


Engines. 

Description Double cylinder. 


Number of cylinders 

Diameter of cylinders, in inches 

Length of stroke, in feet 

Number of revolutions, per minute 

Nominal horse-power 

Indicated horse-power 


4 

53 3 * 

3 

120 

600 


Propeller. 

Description 

Diameter, in feet 10*5 

Pitch, in feet 12 

Length in line of shaft 2*5 

Number of blades 2 

Boss, diameter in feet 1*67 

Depth of immersion at bottom 1 1 

S of vessel, in nautical miles per hour. . 12 

>er of revolutions, per minute 104 

Boilers. 

Description Patent spiral flue. 

Pressure of steam in boiler, in lbs 52 

Steam-room, in cubic feet 1 000 

Water-room, in cubic feet 1200 

Number of furnaces 1 

Number of boilers i 

Grate surface, in square feet 74 

Total heating surface, in square feet 2274 

Consumption of coals, in lbs. per hour 1120 

Weights. 

Total of engines, in tons 70 

Total of boilers, in tons 2 3 

Total of water in boilers 30 

Propeller 25 


3^75 

1575 

444 

1963 


Vert. inv. cyl. 
2 

48 
^'5 

49 
150 

545 


37*^5 

18*25 

518 

2487 

44-5 


Beam geared. 


Tubular. 

15 

415 

1165*4 

6 


Lamb’s sheet flue. 
18*25 
2250 


Reference to Beports 1861. | 1861. 1861. 

Information supplied by West India MailMorrison & Co. P. & O. Company. 

Company. | 

Remarks Light wind ; heavy Calm ; no sea ; tide 

sea. I in favour. 
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Table III.— MEN-OF. WAE (Group 1). 


Groups of a Speed 

Subgroups of Displacement 

Name of Vessel 

Length on waterline, itj feet 

Breadth (extreme), in feet 

Tonnage, builder’s measurement 

Mean draft of water, in feet 

Area of immersed midship section, sq. ft 
Displacement, in tons of d5 cubic feet . 


Engines. 


PllOrELLER. 

Diameter, in feet 

Pitch, in feel 

Length in line of shaft 

Immersion of lower edge, in feet . . . 
Number of revolutions, per minute . 
Speed of ship, in knots per liour . , . 
Speed of projieller, in knots per hour 
Speed ‘ X Dt ! -r indicated liorse-powcr 


Wind . 

Sea . . . 


Remarks 


Reference to Reports 


1 . 

From 5 to 


B. 

Between 125 
and 250 tons. 


D. 

Between 500 and 1000 tons. 


Minx. 


Plumper. 


Description 

Number of cylinders 

Diameter of cylinders, in inches 

Length of stroke, in feet 

Number of revolutions, per minute . . . . 
Weight per sq. in. on safety vahe, in lbs. 

Nominal horse-power 

Indicated horse-power 


1 3 I'02 
22 'o8 

303 

4’ 1 6 
59 

145 


II. II. P. 

2 

9*i8 

75 

196 

55 

10 

36-5 


4’o8 

3 ' 5 (^ 

'SI 

2*33 

1 96 
5'44i 
6-888 


1862. 


140 

^rs 

490 

12-58 

252 

679 


y.o. geared. 
2 
27 
2 

54 

14 

60 

127-3 


8-69 

6-10 

3-16 

6-42 

109-08 

6-381 

6-568 

157-6 

No. 3. 


Wasp. 


1862. 


188-33 

33’83 

970 

12 

302 

970 


V. os. 

2 

34 
2-75 
58-58 
1 1 
100 
236-2 


1 1 
i3‘5 
2 

475 

58-58 

6- 976 

7- 801 
140-8 

No. 4. 


Crui.ser. 


160 

31-92 

753 

13*41 

328 

998 


E. 

Betweei 


Meteor. 


172-5 

43*9^ 

1469 

7-2 

310 

1346 


1S62 


7 knots. 


1000 and 2000 tons. 


Glatton. 


r 

i 172*5 

1 45*20 

I 1535 
t ^‘5 
I 379 

I 1640 

1 


Massa- 

suchetts. 


. geared. 

II. II. P. 

n. H. p. 

2 

2 

2 

28*06 

26*01 ’ 

25*5 

2 

2 

2 

49 

139 

127 

10 

60 

62 

60 

150 

150 

123-7 

529-6 

693-4 

9 

6 

6*21 

6-67 

12-5 

14 

112 



2-27 

7*83 

4*5 

5-16 

98 

139 

127 

6-295 

5*77 

1 4*5 

6445 

17*139 

1 

1 17*539 

C’alm. 

1 

1 







1862. 

1862. 

1862. 



162-54 


F. 

Between 2000 and 4000 tons. 


Amphion. Cornwallis. 


Ila-sting-s. * Blenheim. Hawke. 


176-87 

48-5 

1763 

20-83 

725 

2730 


Hor. IJ.Tr.H.P. H. H. P. 


iMod.breeze.] 

Moderate 

swell. 



181-23 

48*5 

1832 

21*12 

738 

2790 


Hor. 


176-08 

48-46 

1753 

21*37 

757 

2808 


H.Tr.H.P. 
2 


Ajax. 


i860. 


I Rigged and 
fully 
equipped. 
1862. 


1 

= 30*02 

30 

52 

= 30 

55 

2*5 

2*5 

3 

2-5 

2*5 

96 

78 

43 

89 

521 

60 

65 

10 

50 

10 

200 

200 

450 

200 

450 

572*8 

597'3 

938*4 

500 

930*6 

12 

12 

16 

12 

16 

9*5 

12*29 

20 

9-5 

18-42 

1*57 

1-92 

3*33 

1-57 

3*08 

14*75 

14 



14-08 

12-57 

96 

78 

1 43 

89 

52 

^5*8 

6*702 

5-S16 

, 6-525 

6-83 

8-996 

9*457 

j 8-483 

1 8-340 

9*447 



I 

1 

1 

' No- 2. 

Light. 





Smootli. 

ninuotii 

water ; a 



1 


little swell. 



1 




Rigged and 





partially 

1 




equipped. 

I 


1862. 

1862. 

1862. 

1862. 

1862. 


176 

48*54 

1761 

22*21 

790 

3013 


Hor. 


G 2' 
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T 4 BLE IV.-MEN-OF- 


Groups of a Speed 


Subgroups of Displacement . 


2 . 

Between 7 and 


B. 

Between 125 
land 250 tons. 


Name of Vessel.. 


Length in waterline, in feet 

Breadth (extreme), in feet . . . 
Tonnage, builders measurement. 
Mean draft of water, in feet 


Area of immersed midship seel ion, sq. ft. 
Displacement, in tons of cubic ieet .. 


ExGixns 


Description 

Number of cylinders 

Diameter of cylinders, in inches 

Length of stroke, in ieet 

Number of revolutions, per minute 

Weight per sq. in. on safety-valve, in lbs. 

Nominal horse-power 

Indicated horse-power 


Teazer. 


130 

2179 

296 

5*25 

82-9 

205 


V. os. 
2 

27-06 

2-5 

5 i '5 

9 

40 

128-2 


PROPELLUR. 

Diameter, in feet 

Pitch, in feet 

Length in line of shaft 

Immersion of lower ledge, in feel 

Number of revolutions, per minute 

Speed of ship, in knots per hour 

Speed of propeller, in knots per hour I 1 3’2’63 

Speed^XD if 4 - indicated liorsc-jaower 

Wind 


5 

7 

i*i6 


192-09 

7-685 


Sea 

Remarks 

Reference to Report.s 


Not rigged ; 
fine stern. 

1862. 


Between 250 and 
500 tons. 


Cygnet*. 


145*08 

=^ 5*42 

428 

9-14 

168 

393 


Ilor. 

2 

32 

1*5 

82 

21 

80 

162-6 


9 

IZ’OJ 

1-97 

4-96 

82 

8-677 

9*833 

No. 2. 


1862. 


Swallow. 


139 

27*92 
486 
10*25 
1 80 
455 


Dor. 

2 

^ 5*5 

1*75 

76*5 

20 

60 

164-6 


9 

10-87 

1-81 

5 

76-5 

7- 429 

8- 106 
I 47'4 

No. c. 


1862. 


Ariel. 


139 

27-92 

486 

10-79 

195 

500 


ITor. 

2 

25-5 

i *75 

82 

20 

60 

190-1 


9 
1 1 
1-81 
4*83 
82 

7- 647 

8- 897 
148-2 


Wrangler. 


160 

25*33 

477 

10-42 

198 

5465 


Ilor. 

2 

40-5 

2 

63*33 

20 

160 

224*6 


1 1 08 

15 

2*52 

4*33 

63'33 

8*012 

9-371 

153-08 


1862. 


1862. 


WAR (Groitp 2 ). 


9 knots. 



D. 

Between 500 and 1000 tons. 

• 




Viper. 

Torch. 

Lynx. 

Reynard. 

Lyra. 

Rifleman. 

Pantaloon. 

Hornet. 

Nimrod. 

160 

25-33 

477 

10-46 

1 199 

550 

145 

25*33 

425 

11-37 

224 

557 

160 

25*33 

477 

10-83 

209 

586 

147-67 

27*83 

516 

10-92 

222 

604 

139 

27-83 

485 

12-20 

2^39 

638 

150 

26*57 

486 

11-54 

233 

678 

151 

29*08 

577 

13*08 

263 

798 

160 

31-87 

753 

13*37 

312 

937 

2 CO 

30*16 

851 

10-75 

253*5 

969 

1 Ilor. 

1 ^ 

40-5 

1 ^ 

66 

1 20 

160 

267-3 

Hor'. 

2 

32 

i -5 

91*75 

20 

80 

280-7 

Hor. trunk. 
2 

= 35*1 

1-67 

80 

20 

160 

222-1 

Hor. 

2 

28 

2 

56 

14 

60 

153*6 

Hor. 

2 

25-5 

1*75 

84 

20 

60 

227-1 

V. C)s. geared. 
2 

34 

2*75 

35*57 

10 

100 

i66*5 

Ilor. 

2 

38 

2 

100 

20 

150 

483*75 

Hor. 

2 

38*06 

2 

78 

20 

100 

41 1*4 

Hor. 

2 

58*06 

2*25 

60-625 

20 

350 

3 * 3 ’i 

II 

15 

2*57 

4*57 

66 

8-8 

9-765 

9 

13-08 

2*25 

6-25 

91-75 

8-843 

J1-841 

i66-8 

II 

9*75 

2-42 

4-92 

80 

7*033 

7-694 

109-7 

8-92 

7*25 

1*33 

1 1 12 

1 7*3 

1 8-009 

9 

11 

1-83 

6*33 

84 

7*45 

9-114 

9 

8*42 

1*45 

6 s 

89-64 

7*15 

7-441 

10 

12 

2-29 

6-5 

100 

8*934 

11*837 

126-8 

10 

15*46 

1-96 

1 7-08 

78 

8-744 

11-893 

155*6 

II 

20*5 

3 

4*75 

60-625 

8-8i8 

12-259 

175*3 

171-1 

1 

* J 

i 



Light 

breeze. 

No. 3 to 
No. 4. 

No. 4. 

Moderate 

swell. 




No, 3. 

Smooth. 

No. 2. 

No. 3 to 

i ' 


No. 4. 

1 


1 

lRigg(d anc 

i , 

equipped. 

1862. 

1 

Fully rigged 
and ready for 
1 sea. 

1 1862. 

1 




1862. 

1862. 

1862. 

1862. 

1862. 

1862. 

1862. 


* Half boiler power. 
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{continued,) 


and 9 knots. 


and 2000 tons. 


Malacca. 

Co‘<saek. 

I'lioanix. 

Wyoming, 

F.S. 

Niger. 

ITalf-boilerpr 

1 Conflict. 

F(0’lh. 

192 

195 

174*5 

209-75 

194*33 

192*54 

159 

34*33 

38*5 

3 I-S 3 

33 

34-67 

34*33 

42-16 

1034 

1322 

809 

997 

1072 

1038 

1228 

14-16 

14-04 

I 5-62 

13-29 

15*79 

15-08 

17-62 

377 

383 

405 

391 * 

437 

421 

493 

1363 

1365 

1460 

1475 

1496 

1530 

1704 

ir. 'J’r. II. P. 

IJor. 

0. geared. 

Ilor. 

Ilor. 

Ilor. 

II.Tr.IL Pr. 

2 

2 

2 

2 

4 

4 

2 

= 23 

51 

62-25 

5 <^ 

47-625 

46-23 

= 30-25 

2-5 

2-2S 

4*5 

2*5 

1-83 

2 

2-5 

87 

66-33 

22 

52*5 

55 

72 

110 

60 

12 

10 

17 

12 

10 

60 

200 

250 

260 


400 

400 

200 

675 

573*4 

524*1 


431-8 

790 

814 

13*5 

12-08 

11-87 

13-08 

12-5 

13*52 

12 

11-12 

16-57 

9*83 

19 

17*25 

16-37 

10 

1-8^ 

2-75 

1-60 

2*5 

2-48 

2*73 

1-67 

6-25 

6*57 1 

6-75 


8-25 

7*83 

11*57 

87 

66*33 

88 

52*5 

55 

72 

no 

8-708 

8*655 

7-674 

7*1 

7-6 

8-85 

8-6 

9*547 

10-851 

8*536 


9*359 

11-630 

10-851 

120-3 

139-1 




I i 6’5 




* 0 J 



No. 2. 





No. 3 to 

Fresh breeze. 






No. 4. 







Light swell. 

Little swell. 



...... 




1S62. 

1S62. 

1062. 

1862. 

1862. 

1862. j 

1862. 
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Table IT, {conthixml.') 


Groups of a Speed 


Subgroups of Displacement. . 


Name of Yesscl . 


Length on waterline, in feet 

Breath (extreme), in feet 

Tonnage, builder’s measurement .... 

Mean draft of water, in feet 

Area of immersed midship section, sq. feet . . 
Displacement, in tons of 'Jo cubic feet 


Enoines. 


Description 

Number of cylinders 

Diameter of cylinders, in inches 

Length of stroke, in feet 

Number of revolutions, per minute 

Weight per sq. in. on safety-valve, in lbs.. 

Nominal horse-power 

Indicatod horse-power 


Propeller. 

Diameter, in feet 

Pitch, in feet 

Length in line of shaft 

rmmersion of lower ledge, in feet .... 
Number of revolutions, per minute . 

Speed of ship, in knots per hour 

Speed of propeller, in knots per hour 

Speed^ X Dtji -^indicated horse-power 

Wind 

Sea 


Remarks 


Reference to Reports 


2. 

Between • and 9 knots. 




P 

Between 20C0 

and 4000 tons. 





G. 

Between 4000 and 
8000 tons. 

. Russell. 

Pembroke. 

Arrogant. 

Edinburgh. 

- 

Majestic. 

Ilogue. 

Hannibal. 

I 

Brunsw ick. 

Centurion. 

Crc.ssy. 

Sanspareil. 

Nile. 

Niagara, 

r.s. 

176.5 

48'33 

176 

48-5 

1758 

19-5 

660 

2465 

200 

45*73 

1872 

19*41 

604 

2565 

176-5 

48-61 

190 

567s 1 

184 

48-37 

1846 

22-49 

Soc 

3081 

217-5 

48*13 

190 

55 75 
2484 

24*24 

8S2 

3632 

190 

57-08 

2590 

24-37 

895 

3680 

198*42 

55 

2540 

24-41 

8^5 

3707 

2 CO 

52-25 

2339 

24*14 

994 

3800 

205.5 

54*29 

328-87 

53*67 

• 1751 

12*85 

585 

. 2106 

1772 

22-12 

785 

3005 

2590 1 

21*75 

749 

3028 

3136 

20*55 

777 

3300 

24-96 

J013 

4480 

22 

856 

5075 

.ir.Tr.II.P. 

2 

■ =- 3 o ‘^5 

2*5 

103 

60 

200 

• 701*3 

11 . 11 . P, 

2 

30 

^•5 

82 

65 

200 

572. 

II. trunk. 

2 

= 55 

3 

64*833 

360 

894-8 

Ilor. 

4 

55 

^’5 

52 

6 

450 

963-6 

Ilor. 

2 

64 

3 

49*4 , 

20 1 

400 

1199-1 

Ilor. 

4 

5**5 

3 

56 

10 

450 

797*3 

ir. geared. 

2 

71-25 

4 

27*5 

12 

450 

1071-2 

Ilf.r. 

2 

64 

3 

53*5 

20 

4c 0 

1438 

Ilor. 

64 

3 

54 

20 

400 

1255 

Ilor. 

2 

64 

3 

4 8-2 

20 

400 

1076-3 

Ilor. 

64 

3 

ss 

15 

400 

1471 

ITor. 

4 

62*25 

3*5 

30 

16 

5C0 

1247*3 

Ilor. 

3 

72 

3 

45 

19 

700 

195*509 

12 

9 *^ 

1*57 
• io’46 

103 1 

7*5 ; 

9*652 
98*8 

12 

12 

2 

12 *08 

82 

7-602 

9*706 

> 5*5 

15-46 

2-4X 

10-16 

64-833 

8*935 

9-886 

149*4 

No. 3. 

1 , , 

16 

18-75 

3*08 

11*71 

52 

8-498 

9*6i8 

17 

21 

3*5 

11*57 

i 49*4 
! 8-783 

10*233 

118*3 

16*06 

18-75 

3*33 

1 12*5 

' 56 

1 8-328 

10*357 

17 

12*5 

2*08 

8-83 

64-87 

8-6 

7*999 

1 - 

1 

17 

’ 20*57 

3 

14-16 

53-5 

1 7*742 

j 10*862 

17 

21 1 

1 ^ 

13*57 

54 1 

8-5 

ii-jS6 

17 

2 1 

3’o8 

12-92 

1 4^*2 

j 7-206 

1 9-984 

I 83*3 

16 

23 

i 3 

14-20 

58 

9*3 

13*159 

17 

16 

* 2-67 

' 13-92 

60 

8-2 

9470 

120*1 

18*27 

31-27 

1-888 

45 

10-9 

13-88 

No. 2. 


1 


No. 7, very 
strong. 

Fresh breeze. 

Calm. I 

I Light breeze. 


1 



j 1 

Considerable 


Smooth. 

1 

i Smooth. 


1 




! i 

Fully rigged Launching ; 
and com- 1 cleats not 
pleto with removed, 
pea stores. ' 

1 1862. j 1862. 

I 

.swell. 

1 




1862. 

1862. 

1862. 

1862. 

1862. 

j 1862. 

1862. 

1 

1862. 

1862. 

1 1862. 

) 

1862. 
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Taiile V.— MEF-OF- 


3 

Groups of a Speed i Between g and 


Subgroups of Displacement 

1 A. 

Under 
12^ tons. 




C. 

Between 250 and 

Name of Vessel 

! 

1 )\varf. 

1 

Diivt. 

, Lee. 

! 

j Snipe. 

1 

j Sparrow. j Nimble. 

Length on waterline, in feel 

130 

1415 

145 

1 

i M'i 

145 

1 

1 

, 145 

Breadth (extreme), in feet 

, 6-5 

25‘33 

25*33 

1 25-33 

! 25-33 

1 25-33 

Tonnage, builder’s ine<M.‘;urement 

164 

4^5 

1 425 

1 423 

425 

425 

Mean draft of water, in fi'ot 

5‘5 

9-08 

9-12 

9-16 

9*20 

9*25 

Area of immersed midslii)) section. s(|. ft. .. 

44 

1 66 

* 167 

( >68-5 

169-5 

170-5 

Displacement, in tons of eubie feel 

1 98 

1 

39 ^^ 

J 392*5 

395 

398 

401 

ENCixr.s, 

1 

1 

1 





Description 

Vert. 

1 ITor. 

, Ilor. 

llor. 

ITor. 

llor. 

Number of cylinders 

2 

1 2 

i 2 

2 

2 

2 

Diameter of cylinders, in inches 

40 

32 

32 

32 

32 

30 

Length of stroke, in feet 

2-67 

45 

1*5 

1*5 

1 ^*5 

1*67 

Number of revolutions, per minute 

345 

lOI 

98 

103 

108 

100 

Weight per sq. in. on safety-valve, in lbs. ... 

' 8 

1 20 

20 

20 

' 20 

20 

Nominal horse-power 

90 

! 80 

80 

80 

80 

So 

Indicated horse-power 

j 216 

1 

361-7 

1 343*1 

3 ^' 3'4 

] 39 *'* 

334 

PnOPELLEll. 

1 

1 1 




1 

1 


Diameter, in feet 

5 ’6? 

9 

1 9 

9 i 

1 

9 

9 ' 

Pitch, in feet 

S I 

12-33 

' J 2'33 

12*33 

12*33 

11-75 

Length in line of shaft 

I 

2 

2 

2 1 


2 

Immersion of low(*r ledge, in feet 

1 

4-67 1 

5 

5*25 

5'33 

4-67 

Number of revolutions, per minute 

182-8 

101 1 

98 

103 

108 

ICO 

Speed of ship, in knots per hour 

1 10-537 

10-19 

10*022 

10-32 1 

10-872 

9*933 

Speed of propellcr, in knots per hour 

J4-427 

1 2-287 

11*922 

12-531 

13*139 

11-590 

Speed^ X Dtt -r indicated horse-power 


156-2 

157*2 

162*8 1 

i 

177*5 

159-6 

Wind 




1 

1 



Sea 




1 



B'CmarkR 

1 

Not 1 







rigged. ^ 



1 



Reference to Reports j 

1862. 

1 

1862. 

1862. 

1862. j 

00 

1862. 


WAE (Group 3). 


— 

ji knots. 






Beti 




1 

I 

500 tons. 



D. 

v^'en 500 and 1000 tons. 



Mullet. 

Espoir. 

Griffon. 

Snake. 

Sharp- 

shooter. 

Beagle. 

Ranger. 

Philomel. 

Gannet. 

Cordelia. 


J 45 

145 

145 

160 

150 

160 

145 

145 

151 

1 

151 


25*33 

25*33 

25*33 

25*33 

26-61 

25*33 

25*33 

25*33 

29-08 

29*08 


425 

425 

425 

477 

503 

477 

425 

425 

577 

577 


9-24 

9*45 

9-46 

9-62 

9*25 

10- 125 

11*33 

11-58 

10-87 

1 1 


170*5 

176 

176 

179 

196 

192 

223 

230 

202 

204 

1 401 

i 

416 

41 6 

482 

51S 

523 

550 

570 

583 

591 

llor. 

llor. 

llor. 

II. trunk. 

llor. 

llor. 

II.sing.T. 

llor. 

Hor. 

ITor. 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


32 

30 

32-125 

= 35*1 

46 

42-125 

= 30-2 

32 

39 

38 


1*5 

1*67 

^*5 

1-67 

3 

1*75 

1*5 

1*5 

2 

2 


1C2 

98 

101 

109-83 ! 

4^*5 

72 

95*5 

108 

90-6 

78 


20 

20 

20 

20 

10 

20 

20 

20 

20 

20 


80 

80 

80 

1 60 

200 

160 

80 

80 

150 

15 *^ 


355'4 

330*3 

325*9 

459-8 

365-2 

295 

283*6 

354*2 

6i6-6 

460*8 


9 

9 

9 

1 I 

9 

1 1 -08 

9 

9 

10 

JO 


i 2'33 

11*75 

12-33 

10 

9 

14-71 

11-5 

I2-i8 

14*5 

16 


2 

2 

2 

2*33 

1*5 

2*29 

1-83 

2-21 

2-5 

a *5 * 


5*16 

4-83 

5 

3*67 

1 

4*42 

6 

6-i^ 2 

4*5 j 

5-67 


102 

98 

lOI 

109-83 

124-5 

72 

95*5 ^ 

loS 

90*6 1 

78 


10*067 

10*05 

10*1 19 

10-303 

1 9 * 1^9 

9-409 

9-006 

9 ' 54 i! 

10-817 

9-912 


12*409 

11-359 

12-287 

10-834 

11-052 

10-446 

To-833 

13-032 

12*958 

12-310 


156*1 

171*3 

177*2 

146-2 



172-9 

i68'9 

143*3 

148-8 



No. 5. 

No. 4 to 



No. I to 

No. 3 to 

No. 3 to 

Calm. 

Light 




No. 5. 



No. 2. 

No. 4. 

No. 4- 


breeze. 



Smooth. 







Smooth. 

Little 










swell. 






Riffffed and 



Rigged 








00 

partially 



and 








equipped. 



stored. 




1862. 

1862. 

1862. 

1862. 

1862. 

1862. 

1862. 

1862. 

1862, 

1862. 
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Table V. [continued.') 


Groups of a Speed 

3. 

Between 9 and 

Subgroups of Displacement 

D. 

Between 500 and 

Name of Vessel 

Alacrity. 

Icarus. 

Eclipse. 

Lily . 

Surprise. 

Wan- 

derer. 

Length on waterline, in feet 

180 


185 

185 

180 

180 

Breadth (extreme), in feet 

z 8-33 

29*08 

28-33 

28-33 

28-33 

28-33 

Tonnage, buildi'r’s measurement 

670 

577 

695 

695 

670 

670 

Mean draft of water, in feet 

9-25 

1 1 

9*33 

9*83 

9*5 

9‘57 

Area of immersed midship section, sq. feel ... 

195 

21 1 

198 

200 

203*5 

206 

Displacement, in tons of 35 cubic feet 

605 

618 

625 

634 

637 

645 

Engines. 







Description 

Ifor. 

II.sin.Tr. 

ITor. 

Ilor. 

Ilor. 

Ilor. 

Number of cylinders 

2 

2 

2 

2 

2 

2 

Diameter of cylinders, in inches 

45 

=38-875 

45 

45 

45 

45 

Length of stroke, in feet 

2 

1*83 

2 

2 

2 

2 

Number of revolutions, per minute 

85-5 

92 

96 

76 

93 

88*5 

Weight per sq. in. on safety-^ alve, in lbs. .. 

20 

20 

20 

20 

20 

20 

Nominal horse-power 

2 C 0 

150 

200 

200 

200 

200 

Indicated horse-power 

587-1 

602*8 

838-4 

474*1 

721-4 

627*8 

PllOPELLER. 







Diameter, in feet 

I I 

10 

1 1 

11 

1 1 

II 

Pitch, in feet 

16 

14*42 

1 6*5 

17 

15*83 

1654 

Length in line of shaft 

^'5 

2*19 

2*42 

3*25 

2*5 

2*67 

Immersion of lower ledge, in feet 

3*42 

5*67 

3*92 

4*83 

3*92 

3*5 

Number of revolutions, per minute 

85-5 

92 

96 

76 

93 

88*5 

Speed of ship, in knots per hour 

10*651 

10*146 

1 1 

10 

io*8i 

10*258 

Speed of propeller, in knots per hour 

13*494 

: 3-083 

15*625 

12*744 

' 14*525 

14*440 

Speed^ X D^t -i- indieated horse-power 

147*2 

125-7 

116*1 

155*7 

1 129-6 

128*4 

Wind 







Sea 




i 

Smooth. 


Remarks. 







Reference to Reports 

1862. 

1862. 

1862. 

1 

1 

1 

1S62. 

1862. 

1862. 


11 knots. 


1000 tons. 


Rosa.rio. 

Rapid. 

Coquette. 

Fawn. 

Ring- 

dove. 

Raco- 

hor.so. 

Alert. 

Lapwing. 

Mohawk. 

Vigilant. 

160 

30*33 

669 

11*5 

222 

646 

160 

30*33 

669 

11*71 

228 

666 

180 

28-33 

670 

11*41 

242 

790 

160 

31*83 1 
748 

11*33 

247 

709 

180 

28-33 

670 

10*21 

223 

714 

185 

28*33 

695 

10*16 

221 

718 

160 

31-83 

748 

1 1*41 

250 

718 

180 

z 8-33 

670 

10*83 

240 

781 

180 

28*33 

670 

10*87 

242 

7 »S 

180 

28*33 

670 

11*04 

245*5 

803-5 

Ilor. 

2 

38 

2 

93 

24 

150 

615*2 

Hor. 

2 

38 

2 

100 

20 

150 

613 

Hor. 

2 

45 

2 

82*25 

20 * 

200 

690 

Ilor. 

2 

32 

2 

92*5 

20 

100 

406*9 

Hor. 

2 

45 

2 

84 

20 

200 

676*8 

Hor. 

2 

45 

2 

85 

20 

200 

731-6 

Hor. 

2 

32 

2 

92 

20 

100 

387*4 

Hor. 

* 2 

45 

2 

85 

20 

200 

689*2 

Hor. 

2 

42*25 

2*16 

88 

20 

200 

641-5 

Hor. 

2 

45 

2 

84 

20 

200 

629*9 

10 

14 

2'5 

5*33 

93 

10*08 

12*843 

10 

13 

3 

5*75 

100 

10*2 

12*823 

1 1 

16 

2*5 

4*57 

82*25 

10*853 

12*981 

10 

12 

2 

5*33 

92*5 

9*21 

10*949 

152*7 

II 

15*71 

2*5 

4* 1 6 

84 

10-824 

I 3*016 

1 

II 

16*5 

2-46 

4*67 

85 

10*937 

13*834 

143*4 

10 

12 

2 

5*25 

9*607 

10*890 

183*5 

1 1 

15*65 

2*5 

4-42 

85 

11*021 

13*101 

1 1*08 
14*25 
2*56 
4*42 
88 

10*721 

12*370 

1 1 

16*46 

2*64 

4*57 

84 

9-763 

13-257 

127-7 

124*4 

1 32 







No. 3. 


No. I. 

No. 3 to 

Light, 

No. 2. 

No. 2 to 

No. 5 to 




i 

No. 4. 

Smooth. 


No. 3. 

No. 6. 





1 


Without 



Steam main* 

1862. 

1862. 

1862. 

1862. 

1862. 

1862. 

masts or 
rigging. 

1862. 

1862. 

i86z. 

tained at not 
more than 

18 lbs. 
1862. 


Ilall-boilcr power. 
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Table V. 


G^roups of a Speed 

3. 

Between 9 and 

Subgroups of Displacement 


Between 

D. 

500 and 1000 tons. 



Name of Vessel 

Osprey. 

Racer. 

Victor. 

Industry. 

Zebra. 

Intrepid. 

Rattler. 


Length on water-line, in foot 

180 


200 

179*5 

.85 

200 

176-5 


Breadth (extreme), in feet 

28-33 

29*08 

30-16 

27*12 

33-16 

30*16 

32*71 


Tonnage, builder’s measurement.. 

670 

577 

851 

638 

950 

85. 

888 


Mean draft of water, in feet .. 

11-20 

13*37 

10*04 

12*66 

1 1*83 

1 1*29 

13*79 


Area of immersed midslnj) sect. sq.ft. 

250’5 

272 

233 

281 

277 

270 

33S 


Displacement, in tons of oo cub. ft 

826*5 

829 

875 

903 

912 

1040 

1 112 


ENOiNrs. 









Description 

ITor. 

Hor. 

ITor. 

O.scil. 

ITor. 

Hor. 

V. d. c. g. 


N umber of ey 1 inders . 

2 

2 

2 

2 

2 

2 

4 


Diameter of cylinders, in inches 

45*o6 

40 

55 

36-5 

42*5 

58-06 

40-125 


Length of stroke, in feet 

2 

1*67 

^•5 

3 

2*16 

225 

4 


Number of rerolutions, per minule 

80 

965 

84*5 

42 

112 

70 

^ 5*43 


Wt. per sq.in. on safety valve, in lbs 

20 

22 

20 

12 

20 

20 

10 


Nominal hor.se-power 

200 

150 

350 

ICO 

200 

350 

200 


Indicated horse-power 

593’4 

522-2 

973-g 

317-8 

984-8 

930-1 

519*2 


Propeller. 









Diameter, in feet 

11*04 

10 

11 

9 

12 

1 1 

10 


Pitch, in feet 


i 3’5 

20*5 

1 1 

15 

21*25 

11 


Length in line of shaft 

2 59 

2*19 

3 

1-83 

2*75 

3-02 

1*25 


Immersion of lower ledge, in feet 

4-5 

6*92 

4* 1 6 

6*92 

4*25 

5*i6 

1 7*5 


Number of revolutions, per minute 

80 

96-5 

84*5 

97*548 

i '''' 

70 

101*72 


Speed of ship, in knots per hour 

10*15 

9?*9 

9*056 

9*12 

10*714 

10*25 

1 9 *Hi 


Speed of propeller, in knots per hour 

12*495 

12*85 

17-087 

10*585 

16*572 

14*673 

10*037 


Spoed^ X Dtf — indicated h.-p 

155*2 

145-8 

69-8 

223*1 

' 117*4 

118*9 

' 159 


TVind t . . T 


No. 3. 







Sea .rr 





1 

Smooth. 



Ttemarks . , . ■ ■ - . , - - 



Bottom 


I 







foul. 


1 




Reference to Reporl.s 

1 

1S62. 

1862. 

1862. 

1862. 

' 1862. 

1862. 

1862, 



{continued,') 


II knots. 











E. 

Between 1000 and 2000 tons. 





Chame- 

leon. 

Flving 

Fish. 

Grey- 

hound. 

Mutine. 

Rinaldo. 

Fox. 

Miranda. 

Tartar. 

Brisk. 

En- 

counter. 

185 

218 

172*5 

172*5 

185 

159*33 

196-04 

195 

193*57 

J90 

33*16 

30*33 

33-16 

33 'i 6 

33'‘6 

40 33 

34 

38*5 

35 

43*20 

950 

950 

8;8 

878 

950 

1131 

1039 

1322 

1074 

9*^3 

13*54 

11-92 

13 78 

14 

14-62 

16*29 

12*37 

13-96 

i 3 ' 7 S 

13*70 

332 

286 

342 

349 

3674 

449 

336 

379 

350 

382 

1138 

ii6i 

1175 

1200 

1286 

1340 

1350 

1350 

1370 

J 459 

Hor. 

Hor. 

Ilor. 

Hor. 

ITor. 

Hor. 

H.geared. 

Ilor. 

ITor 

H. trunk. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

45 

5806 

45 

45 

42-5 

45 

56'375 

51 

52 

-55 

2 

2-25 

2 

2 

2*16 

2 

3*75 

2*25 

3*5 

2*25 

8o*8 

74*5 

80 5 

82 

92-083 

93 

285 

72*25 

39 

8175 

20 

20 

20 

20 

20 

20 

13 

14 

14 

12 

200 

350 

200 

200 

200 

200 

250 

250 

250 

300 

584-2 

I222'6 

744 9 

786-4 

752*4 

740*8 

613*1 

731 

595*6 

844 

I 2’33 

13*16 

12-33 

12-33 

12 

12*04 

12 

12-08 

12 

12 

13*5 

19-96 

H 5 

13*5 

13*87 

1 10-86 

11-5 

16-5 

I2‘i6 

15*75 

229 

3 

2-42 

2-67 

2-12 

2 

1-92 

2-75 

2 

2*67 

5*33 

5*75 

5-67 

6-16 

7*33 

9*42 

5*25 

616 

6-33 

6*54 

8o-8 

74*5 

80-5 

82 

92 083 

93 

87-87 

72*25 

*775 

8175 

10*206 

12-43 

9-87 

10-25 

10-588 

9*325 

10*75 

9*4 

9-035 

10*699 

10-742 

14*667 

1 1 -448 

10-92 

12 603 

10-884 

1 9*968 i 

11*759 

10-531 

12735 

1984 

173*5 

143*7 

154-6 

186-6 

133 


138*8 

152*8 


Light. 

No. 2. 

Light. 


No. 3. 

1 So. 3. 

No. 5 
abeam. 

No. 5 to 
No. 6. 

No. 4 to ! 
No. 5. 

Calm. 



Sniootli. 












Fully 

equipped 

1 for sea. 






Fully 

1 rigged. 

1S62. 

1S62. 

j 1862. 

1862. 

' 1862. 

1862. 

1862. 

1862. 

1862. 

1862. 
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Table V. 


Groups of a Speed 


3 . 

Between 9 


Subgroups of Displacement ' Between 1000 and 



Niger. 

Megjcra.^ 

1 

Despe- 

rate. 

Terma- 

gant. 

High- 

flyer. 

Seahorse. 

1 

1 

Length on waterline^ in feet 

Breadth (extreme), in feel 1 

Tonnage, builder’s measurement 

i 94’33 

207 

192-33 

210-08 

192 

159 

34*67 

37*83 

34*35 

40*5 

36-33 

4^*83 

1072 

^395 

1037 

1547 

1153 


Mean 3 raft of water, in feet 

15*79 

13-29 

15-96 

14*05 

16-5 

1 8*21 

Area of immersed midship seeiion, ft. .. 

437 

383 

452 

436 

476 

5^8 

Displacement, in tons of 35 cubic feet 

1497 

1554 

1663 

1670 

1775 

1799 

Engines. 








Dor. 

Hor. 

II, geai-ed 

Ilor. 

Hor. 

ii.T.ir.p. 

Number of cylinders 

4 

4 

4 




Diameter of cylinders, in inches 

47*625 

49*5 

55*01 

62-5 

55-18 

= 30*25 

Length of stroke, in feet 

1-83 

2 

^ 5 

3 

2 5 

2 5 

Number of revolutions, })er minute 

78 

74-21 

37 

62 

53*37 

112*25 

Weight per sq. in. on safety-valve, in lbs. . 

12 

8 

10 

15 

250 


Nominal horse-power 

400 

350 

400 

400 


Indicated horse-power 

lOOZ’I 

925-6 

891-7 

1205-6 

702 

832-4 

Propeller. 

1 






Diameter, in feet 

12*5 

14-46 

13-08 

15-61 

12'o6 

12 

Pi tell, in feet 

17-25 

16 

13*83 

24 

9 71 

10 

Length in line of shaft 

2*45 

2-73 

2-25 

2-87 

1-67 

1*67 

Immersion of lower ledge, in feet 

8-25 

6-67 

8-42 

5*5 

8*33 

1 1 *08 

Number of revolutions, per minute 

' 78 

74 ' 2 i 

80-727 

62 

106-74 

112-25 

Speed of ship, in knots p^T hour 

10-25 

10-241 

9*6 

10-66 

9*399 

9*298 

Speed of propeller, in knots per hour 

13-272 

11-711 

ii-oi6 

14-678 

10*222 

11*072 

Speed^ X Dt| indicated horse-power 

140-6 


139*3 

141*4 



'WiT) d * 



Light 

No. 4. 


No. 3. 

San 



breeze. 

Smooth. 




*R.OiYY^ ft I'lra 



1 



^ 



1 




i 

1 



i 


{{continued.') 


and II knots. 


2000 tons. 

F. 

Between 2000 and 4000 tons. 


Esk. 

Green- 

ock. 

Pylades. 

Chal- 

lenger. 

Pearl. 

Racoon^^ 

Satellite. 

1 

1 Satellite* 

Tribune. 

Assistance. 


192 

213 

192*75 

200 

200 

200 

200 

200 

192 

282-87 


36-25 

37*40 

38-42 

40*33 

40-33 

40-33 

40-33 

40*33 

43 

36*39 


1169 

1418 

1278 

1462 

1462 

1462 

1462 

1462 

1570 

1793 


16-87 

14*20 

i 7'5 

17*43 

17-92 

17*96 

18-08 

iS*o8 

18-5 

16-62 


488 

419 

522 

522 

538 

540 

546 

546 

578 

440 


1835 

1835 

1956 

2018 

2107 

2115 

2138 

213S 

2220 

2260 


In. oscil. 

Hor. 

H. trunk. 

II. trunk. 

H. trunk. 

Hor. 

H. trunk. 

H. trunk. 

Hor. 

H. S. Tr. 


2 

2 

2 

2 

2 

2 

2 

2 

2 

4 


50 

71 

= 55 

= 5811 

= 58-11 

64 

= 58-11 

= 58-11 

55 

=45-16 


2-75 

4 

3 

3*^5 

3 *i 5 

3 

3*25 

3*25 

2*5 

3 

1 

68 

32 

62*5 

54-6 

55*25 

56 

57 

47*5 

72-5 

45-083 


18 


20 

20 

20 

20 

20 

20 

20 

12 


250 

564 

350 

400 

400 

400 

400 

400 

300 

400 


721 

719*3 

1106 

1190*8 

1078*1 

1485 

1213-5 

700-4 

1068 

878-8 

, 

i 

I2’20 

14 

15*75 

16 

16 

16 

16 

16 

14-08 

17-18 

i 

17-5 

13 

20 

23-5 

22-92 

26 

23*5 

23*5 

17*57 

22-62 

1 


2‘i6 

3 

3 

3 

3 

3 

3 

2-87 

2*75 


1 8*75 


8*83 

7*67 

8-83 

8*92 

8-92 

8-92 

9-83 

7-67 


68 

75*2 

62-5 

54*6 

55*25 

56 

57 

47*5 

7^'S 

54-083 


9*^5 

9 59 

10*1 19 

io-6oi 

10-988 

10*918 

10-55 

9-366 

10*418 

10-663 


11-738 

9*643 

12*330 

12*656 

12-49 

14*362 

13-213 

1101 1 

12*575 

12-075 





159-8 

202*2 

144*3 

160-6 

1 

194-7 


237*6 




No. 4. 

No. 5 to 

No. 2. 

No. 3 to 

Fresh 

Fre.h 

No. 2. 

N<>. 2 to 





No. 6. 


No. 4. 

breeze. 

breeze. 


No. 3. 








Little 

Little 










swell. 

swell. 




^ Ilalf-boiler power. 


1867. 


H 
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or 


{coniimied.) 


and II knots. 


and 4000 tons. 


1 

j Phaiton. Colossus 

Im- 

perieuse. 

London* 

Aboukir 

Nelson* 

Windsor 

Ca.stle. 

Ciusar. 

Royal 

George. 

Chesa- 

peake. 

220*26 

190 

212 

215-25 

204 

216*25 

2C4 

207*33 

205*57 

212 

49-83 

57 

50 

54*29 

60 

54-5 

60*04 

56*06 

54-54 

50 

2396 

2590 

2355 

2687 

'3091 

2736 

3101 

2767 

2616 

2356 

19*87 

21*04 

20*49 

19-83 

1 20*5 

19*66 

20*25 

21*04 

20*i6 

21*66 

657 

708 

688 

735 

1 740 

750 

770 

726 

760 

746 

2840 

12855 

13044 

3115 

3150 

1 

<3158 

3245 

3250 

3270 

3334 

Hor. 

trunk. 

ifl. trunk. 

Hor. 

IT. trunk. 

Hor. 

1 

H. trunk. 

H. trunk. 

H. trunk. 

Hor. 

2 

1 2 

2 

2 

2 

2 

2 

2 

2 

2 

64 

=58-25 

= 55 

70*07 

=58-25 

71 

1 =^' 4'33 

= 58 

= 58*11 

64 

3 

! 3*25 

.3 

3 

3-25 

3 

' 3*33 

3-25 

3*25 

3 

57-33 

61-83 

68 

49 

62*3 

54*66 

68*5 

60 

6o*33 

52 

22 

20 

20 

20 

20 

20 

20 

22 

20 

20 

400 

400 

360 

500 

400 

500 

500 

400 

400 

400 

1566*2 

14206 

1 199*8 

878-7 

1533-3 

1190*8 

1 

2052*3 

1420 

i 

J 397-9 

1159*2 

17 

17*12 

15-96 

18 1 

17 

18 

17 

I7'12 

17 

J 7 

24 

18*46 

1 

20 

17-5 

20* 1 6 

18*5 

18*89 

18 

22*5 

3 

2*89 

2'6i j 

3 

3 

3-75 

3 1 

2*96 

3 

3 

10 

10*42 

i 

9-83 , 

10*1 6 

983 

JO -75 1 

1 1*42 

10 

1 1*75 

57*33 

61*83 

68 

49 ' 

62*3 

54*66 

63-5 1 

60 

6o*33 1 

52 

1 10*466 j 

! 9'66 

10*111 

9*508 1 

9*55 

10*363 

10*955 , 

10*274 

9*568 

9*658 

i 13-573 

11*258 

11*403 ‘ 

9*667 J 

10*754 

10*875 

12*503 1 

11*183 

10*712 

11*541 

I46'8 

J 34*9 

181 ! 

2086 

122*1 

201*2 

140*4 

138 

J73-4 

J No. 5 to 1 
1 No. 6. 1 


No. 4. 

No. 4. 

No. 7 to 
No. 8. 

No. 3. 

No, 4. 

No. I. 

Culm. 

No. 4 to 
No. 5. 

1 1 



Little 

Heavy 




Smooil). 



i 

1 

swell. 1 

swell. 







^ Half'boilor power. 
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Table V. 


Groups of a Speed 

3. 

Between 9 

Subgroups of Displacement 


F. 

Between 2000 and 4000 

tons. 

1 

Name of Vessel 

Nar- 

cissus. 

Royal 

WilHam. 

Algiers*. 

Immor- 

tality*. 

Tra- 

falgar. 

1 

Queen. | 

Length on waterline, in feet 

228 

21675 

218-57 

251 

216 

214 

Breadth (extreme), in feet 

51*25 

55*75 

60 

52*08 

55‘46 

60 

Tonnage, builder’s measiireirient 

2665 

2849 

3347 

3059 

2 goo 

3249 

Mean draft of water, in feet 

2 1*42 

21*04 

21 

21-42 

22*91 

22*79 

Area of immersed midsliip section, sq. ft... 

706 

820 

814 

715 

880 

910 

Displacement, in tons of 35 cubic feet 

3412 

3520 

3550 

3625 

3850 

3930 

Engines. 







Description 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Ilor. 

Number of cylinders 

2 

2 

2 

2 

2 

2 

Diameter of cylinders, in inches 

64 

65 

76-125 

76 

66 

66 

Length of stroke, in feet 

3 

3 

3'5 

3*5 

3*5 

3*5 

Number of revolutions, per minute 

63-5 

62*5 

47-75 

46 

62*166 

63-83 

Weight per sq. in. on safety-valve, in lbs.... 

20 

20 

20 

20 

20 

20 

Nominal horse-power 

400 

500 

600 

600 

500 

500 

Indicated horse-power 

lyoi'i 

1763-1 

13618 

1337*7 

2275’! 

2282*6 

Pkopeller. 







Diameter, in feet 

17 

18 

i 8*I2 

19-42 

18 

18 

Pitch, in feet 

i8*5 

20 

26-08 

25-5 

19 

19 

Length in line of shaft 

3-57 

3 

3 

3-39 

3-04 

3*5 

Immersion of lower ledge, in feet 

ir6y 

10-42 

10-75 

9 5 

11*33 

11*5 

Number of revolutions, per minute 

63-5 

62-5 

47-75 

46 

62*166 

63*83 

Speed of ship, in knots per hour 

10*936 

10-581 

10-487 

10-94 

10*908 

10*578 

Speed of propeller, in knots per hour 

11-588 

12*330 

12*286 

11*571 

11*651 

11*963 

Speed^ X Dtf -i- indicated horse-jw wer 

174-3 

155-5 

156-6 

231 

140*1 

129*1 

Wind 

Light 

Light 

No. 4. 

No. 2. 

Calm. 

No. 6. 


breeze. 

breeze. 





Sna 

Little 

Little 

Slight 


Smooth. 

Disturbed 


swell. 

swell. 

wave. 



sea. 

Remarks 







B-efercnce to B'^ports . r . - 










1 




{continued.) 



and II knots. 














G. 









Between 4000 and 8000 tons. 




. rS 

SI 

Saint 

George. 

Orion. 

Neptune 

Aga- 

memnon. 

Duke of 
Wellington. 

Victor 

Emanuel*. 

Victor 

Emanuel. 

J ames 
Watt. 

Re- 

nown*. 


204 

216-5 

238 

216*5 

230 

240-5 

230 

230 

230 

244-75 


60 

54-37 

55*75 

55-42 

55-33 

60 

55-33 

55*33 

55*42 

55-33 


3083 

2864 

3232 

2830 

3074 

3759 

3087 

3087 

3083 

3318 


24*37 

23*95 

24-12 

24*96 

23-04 

23-62 

24-12 

24*12 

24-33 

23*67 


968 

966 

894 

1018 

1012 

988 

1065 

1065 

1085 

1050 


4300 

4313 

4580 

4589 

4806 

5080 

5106 

5106 

5226 

5320 


Hor. 

Hor. 

H. trunk. 

Hor. 

II. trunk. 

H. geared. 

Hor. 

Hor. 

Hor. 

H. trunk. 


2 

2 

2 

2 

2 

2 

2 

2 

4 

2 


64 

71 

= 70-75 

71 

70-75 

93-87 

76125 

76*125 

52-25 

= 82 


3 

3 

3‘5 

3 

3'5 

4*5 

3-5 

3*5 

3 

4 


53 

59*5 

54 

63*5 

60-58 

29-5 

45-75 

5675 

52 

43*5 


20 

20 

j 20 

20 

20 

15 

20 

20 

j6 

20 


400 

500 

6co 

500 

600 

700 

600 

600 ! 

6co 

800 


1252*4 

1730-4 

1956*7 

2002-5 

1948-5 

1979 

1273-8 

2423-8 

1531 

1427 


17 

18 

i 

18 

18 

18 

18 

i8-i6 

18*16 

^7 

19 

1 

20 

23 

19-75 

21-83 

16-25 

26-16 

26-16 

24 

28 

3*03 

3 

3*i6 

3 

3-33 

2-81 

3*08 

3-08 

3 

3*5 

13*42 

12*57 

12*25 1 

14*42 

13-33 

11-92 

12-83 

12*83 

13 

ii*i6 

53 

59*5 

54 

65-5 

60-58 

66-6 

45-75 

56-75 

52 

43-5 

9*1 

10*933 

10*1 

10*897 

10717 

10*15 

9*072 

10 874 

9-5 

9-145 

10*979 

11*738 

12-251 

12-371 1 

13 048 

10-675 

11*809 

14*648 

12*310 

12*014 

159*1 

200*1 

145-2 

178-4 

179-9 


173*8 

157*3 

i68'6 

163-3 

1 

No. 5. 

Light 

No 2 to 

No. 4 to 

No. 4. 

No. 4. 

No. 4. 

Light. 

No. 4. 



breeze. 

No. 3. 

No. 5. 




1 

Moderate 

Smooth. 





Smooth. 


1 

swell. 

1 






I 



* ITalf-boiler power, 


* Half-boiler power. 
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Table VI. — MEN»OF- 


Q-roups of a Speed 





4 . 

Between ii and 

Subgroups of Displacement 

Between 

c. I 

250 and 500 tons. 


Name of Vessel 

Cygnet. 

Steady, j 

Penguin. 

Arrow. 

Fox- 

hound. 

Lily. 1 

i 

Length on waterline, in feet 

145-08 

1 

T45 

145 

160 

180 

i 8<5 

Breadth (extreme), in foot 

25-42 

25’33 

?' 5'33 

25‘33 

28-33 

28*33 

Tonnage, builder’s moasuroment 

428 

425 

425 

477 

670 

695 

Mean draft of water, in feet 

9-14 

9’33 

9'37 

10*83 

9*17 

9-83 

Area of immoi'sed midship section, sq ft. ... 

j68 

173 

174 

209 

194 

200 

Displacement, in tons of 35 cubic feet 

393 

407 

410 

586 

601 

634 

1 

Engines. 






1 

Dc.soription 

ITor. 

ITor. 

ITor. 

IIoi-. 

ITor. 

llor. 

Number of cylinders 

2 

2 

2 

2 

2 

2 

Diameter of cylinders, in inches 

32 , 

32 

3 ^ 

42 

42 

45 ' 

Length of stroke, in feet 

i '5 

1*5 


175 

2-i6 

2 1 

Number of revolutions, p'r iriiniUe 

110 ' 

ic6 

107 

93 

94 

90 1 

Weight per sq. in. on safety-valve, in ibs. ... 

2 1 

20 

20 

20 

20 

20 

Nominal horse-po^wcr 

80 

80 

80 

160 

200 

200 

Indicated horse-power 

350 

360-4 

364-6 

59+ 

599’5 

799-1 

rROPELLF.U. 







Diameter, in feet 

9 

9 

9 

1 1*04 

1 1 

II 

in fpot ; 

I 2 -C I 

1 2": 7 

1 2-33 

1 3 

I 5 

17 

Length in line of shaft 

1-97 

* J J 

2 

2 

2-30 

2-54 

3-^5 

TinnwvAsinn of lower ledge, in feet 

4 'q 6 


4 5 

4'57 

3 

4-83 

Number of revolutions, per minute 

T j '' 

1 10 

1 J 

io 5 

1C7 

93 

94 

90 

Speed of ship, in knots pi'r hour 

11-233 

11-0153 

1 1-07S 

1 1 

1 1*6 

11-48 

Speed of propeller, in knots per hour 

1 3-032 

1 2-896 

13-017 

11-926 

1 3-908 

15*092 

Speed^ X Dtl -vindicated hor.sc-power 

214-7 

205-8 

205-8 


>83-4 

1397 

Wind . 

No. 2. 






Sea 







Reference to Reports 

. 1862. 

1862. 

1862. 

1862. 

1862. 

1262. 


WAR (Groitp4). 


13 knots. 


D. 

Between 500 and 1000 tons. 

E. 

Between 1000 and 2000 tons. 

Serpent. 

Star. 

Cormo- 

rant. 

Sparrow- 

laiwk. 

Assu- 

rance. 

Pelican. 

Roebuck. 

Pioneer. 

j Scout. 

Pelorus. 

1 

185 

185 

185 

180 

180 

185 

200 

200 

200 

200 

28-33 

28-33 

28-33 

28-33 

28-33 

33-16 

30-16 

30*33 

40*33 

40*33 

695 

695 

695 

670 

670 

950 

851 

868 

1462 

1462 

9-42 

962 

10*16 

10-83 

10-83 

11-89 

10-49 

10*91 

14*37 

14-83 

200 

206 

221 

240 

240 

279 

246 

262 

399 

417 

634 

657 

718 

781 

781 

920 

935 

1010 

1478 

1558 

llor. 

llor. 

llor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

IT. trunk. 

Hor. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

45 

.45 

45 

42-25 

45 

45 

55 

55 

= 58-11 

64 

2 

2 

2 

2*1 6 

2 

2 

2-5 

2 5 

3-25 

3 

102 

102 

85 

92 

87 

8975 

9'!’833 

82 

66 

57 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

200 

200 

200 

200 

200 

2 C 0 

350 

350 

400 

400 

907-3 

1 

1 

892-3 

722-8 

725-6 

744 

758-5 

1277-9 

1150 

1421-6 

1437-6 

T I 

1 1 

1 1 

I I 

II 

12 

11*08 

1 1 

15*94 

16 

1 ^ 6*5 

16-5 

16-5 

14-25 

16 

H‘13 

20-42 

20*5 

23-5 

26 

1 2^-46 

2-42 

2-46 

2-58 

2-5 

2-42 

3 

3 

3 

3 

3*67 

3-92 

4-42 

4-33 

4-25 

4-67 

4-42 

5 

5*i6 

6-25 

1 102 

102 

85 

92 

87 

89-75 

95833 

82 

66 

57 

1 11-056 

III 

11-135 

I i*o6 5 

11-142 

11-666 

11-144 

11-332 

11-6 

11-93 

1 i6'6oi 

16*601 

13-834 

12-932 

13-731 

12-514 

19-300 

16-582 

15-299 

14-619 

109-9 

115-8 

154 



19S 

103-6 


142*5 

158-7 



No. 2. 

N.). 2 to 

Calm. 

Calm. 

N 0. 4 to , 

No. 6 on 


Light 

1 



No. 3. 



No. 5. 

the beam. 


breeze. 


1 








Smooth. 

' 1862. 

1862. 1 

1862. 

I J A! 2 . 

.062. 1 

1862. 

1862. 

1862. 

1862. 

1 

1862. 



96 


BEPOBT— 1867. 



ON STEAM-SHIP PERFORMANCE, 


97 


(continued.') 


13 knots. 


F. 

Between 2000 and 4000 ton.s. 


Bacoon. 

Jason. 

Perseve- 

rance. 

Urgent. 

Forte. 

Transit. 

Severn. 

Plioebe. 

Melpo- 

mene. 

Emerald. 

200 

225 

272*58 

273*90 

212 

300 

240*5 

240*5 

237 

237 

40*33 

40*67 

38-5 

3 *' 5 + 

50*1. 8 

41*5 

50 

51*5 

52 

52 

1462 

1702 

1967 

1981 

2364 

2522 

2712 

2848 

2852 

2852 

18-37 

18*5 

1 8*04 

iS -37 

17*74 

18 

18-57 

T7-95 

18-53 

18*91 

55S 

575*5 

500*5 

513 

550 

528-5 

536 

573 

568 

586 

2192 

2294 

2299 

2370 

2370 

2628 

2638 

2700 

2741 


Hor. 

Ilor 

Ilor. T. 

Ilor. 

Ilor. 

Ilor. T. 

Ilor. 

Ilor. 

Ilor. T. 

Ilor. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

64 

64 

= 55 

64 

64 

=58-5 

66 

65 

= 70*75 

76 

3 

3 

3 

3 

3 

3*25 

3*5 

3 

3*5 

3-5 

58*66 

54*5 

57*5 

59*25 

56-33 

56-75 

67*166 

62 

59 

54 

2 1 

20 

16 

15 

20 

15 

20 

20 

20 

20 

400 

400 

360 

400 

400 

400 

500 

500 

600 

600 

1651*1 

1549*2 

91 1*8 

1226*8 

1538-9 

1234*3 

1977*6 

1779*9 

2171*4 

2060*9 

16 

16 

i6*o6 

17 

^7 

17 

18 

18 

18*04 

18 

26 

26 

21*97 

22*33 

22*5 

24*25 

20 

22 

25*02 

28 

3 

3*‘;7 

3*02 

3*5 

3 

3 

3 

3*25 

3-33 

3*5 

9 

9*67 

8*5 

9*42 

7'5 

9 

8*67 

7-5 

7*08 

7*83 

58*66 

54*5 

57*5 

59*25 

56-33 

56-75 

67*166 

! 62 

59 

54 

1 1*416 

1 1*632 

11*297 

1 1*996 

11*485 

11*909 

12*132 

11*9 

12*436 

12 

1 5*046 

13*977 

12*460 

12 858 

12*503 

13*575 

13*251 

13-455 

14*562 

14-915 

152*1 

176*7 

j ^ 75*4 

250*1 

175 

260*6 

172*4 

185*6 

173*5 

168 

Calm. 

Smooth. 

No. 4. 

Calm. 

No. 2. 
Smooth. 


No. 4. 

No. 4. 

■ I 

p 

No. 3. 










Mod. 











swell. 
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(cantinued,') 
Table YI. ^ 1 


Groups of a Speed 

4. 

From II to 

Subgroups of Displacement 

P. 

Between 20CO 

Name of Vessel 

Irresist- 

ible. 

Topaze. 

London. 

Bodney. 

Nelson. 

Frederick 

William. 


Length on waterline, in feet 

190 

235 

215-25 

214-33 

216-25 

214 


Breadth (extreme), in fe(’t 

56-75 

50 

54-29 

54 

54-5 

60 


Tonnage, Builder’s mpasurement 

2642 

2651 

2687 

2770 

2736 

3241 


Mean draft of water, in feet 

2I'oS 

18-71 

i9-cS3 

20-12 

1 9*66 

20*25 


Area of immersed inidsliip section, sq. ft. 

708 

635 

735 

737 

750 

770 


Displacement, in tons of 35 cubic leot 

285s 

3000 

3115 

3126 

3.58 

3 H 5 


Encunep. 








Description 

Ilor. T. 

Ilor. 

Ilor. 

Ilor. 

Ilor. 

Ilor. 


Number of cylinders 

2 

2 

2 

2 

2 

2 


Diameter of cylinders, in inches 

= 58-ii 

76 

70-875 

66 

71 

66 


Length of stroke, in feet 

3-25 

3-5 

3 

3-5 

3 

3-5 


Number of revolutions, per minute 

66 

49 

60-75 

71-666 

65-83 

72-66 


Weight per sq. in. on safety-valve, in lbs... 

20 

20 

20 

20 

20 

20 


Nominal horse-power 

400 

600 

500 

500 

500 

500 


Indicated horse-power 

i668’5 

2131-4 

1804-1 

2245-6 

2101-8 

2276*3 


PROrELLER. 








Diameter, in feet 

17 

i 9‘33 

18 

18 

18 

18*12 


Pitch, in feet 

17 

29 

20 

i6-5 

1 20* I 6 

17*79 


Length in line of shaft 

3*33 

3‘5 

3 

3 

1 3-75 

3*22 


Immersion of lower ledge, in feet 

11-25 

7‘5 

9-83 

9-67 

9-83 

10*92 


Number of revolutions, per minute 

66 

49 

60-75 

17-1 66 

65*83 

72*66 


Speed of ship, in knots per hour 

II'OI 

12-16 

11-522 

11-479 

1^-533 

11*776 


Speed of propeller, in knots per hour 

ii-o68 

14*017 

11-985 

11-583 

1 3*096 

10*124 


Speed^ X Dtf -i- indicated horse-power 

161 

175-5 

i8o-8 

144 

157-1 

157*2 


Wind 


No. 5 to 

No. 4. 

No. 1 to 

No. 4. 

No. 4. 




No. 6. 


No. 2. 




Sen, . , 


Consid. 

Little 







swell. 

swell. 





Remarks 








Reference to Reports 

















13 knots. 


and 4000 tons. 


Princess 

Royal. 

Waterloo. 

Hood. 

Algiers. 

Bacchante. | 

Iinmbr- 

talite. 

Doris. 

Himalaya. 

Diadem. 

217 

218*20 

238 

2i8*57 

1 

1 

235 

251 

240 

340-42 

240 

58*12 

55*33 

55-75 

60 

50 

52*08 

48 

46*14 

48 

3129 

2845 

3232 

3347 

2651 

3059 

2479 

3453 

2479 

20*90 

20*79 

20-58 

21-07 

21 

21-45 

20-49 

18*83 

20-54 

805 

807 

697 

819 

750 

717 

73 - 

652 

763 

3400 

3440 

3470 

3562 

3631 

3633 

3714 

3*57 

3880 

Ilor. 

Hor. 

Hor. T. 

Hor. 

Hor. 

Hor. 

Hor. T. 

Hor. T. 

Hor. 

2 

2 

2 

2 


2 

2 

2 

2 

6q-l25 

71 

70-75 

76-125 

76 

76 

= 82 

^0 

82 

3 

3 

3-5 

3-5 

3-5 

3-5 

4 

3-5 

4 

5 « 

62 

6i 

57-66 

55 

55 

53-71 

55 

56-33 

20 

20 

20 

20 

20 

20 

20 

12 

20 

400 

500 

6co 

600 

600 

600 

800 

700 

800 

1491 

' 1889*9 

^385-3 

2518-4 

2490*1 

2392 

3005 

1830 

2978-5 

17*08 

18 

18 

18*12 

19-33 

19-42 

20-08 

18-08 

18 

2*54 

20 

23 

26 08 

25*79 

25*5 

30 

28 

33'42 

3 

1 375 

3-16 

3 

3-25 

1 3-39 

4*20 

4-75 

3’57 

9*79 

1 10-33 

9-42 

10*83 

10*33 

1 9-5 

9-75 

9-92 

10-42 

58 


62 

57*66 

55 

55 

53-71 

55 

56-33 

1 1*031 

11-329 

11-752 

12*191 

12*074 

12-538 

12-158 

12-5 

12*003 

12*324 

12*23 1 

14-066 

14-S35 

13*993 

13-834 

15-894 

15-191 

18*568 


175-3 

156 

167*8 

167 

197 

143-4 

262-5 

143-4 

No. 3 to 

No. 2 to 

No. 3. 

No. 5. 

No. 2 to 

No. 2 to 

No. 1 to 

Lit. breeze. 

Calm. 

No. 5. 

No. 3. 

Smooth. 

Slight 

No. 3. 

No. 3. 

No. 2. 

Smooth. 





wave. 



1 
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(contivmed.) 


to 13 knots, 
and 8000 tons. 


Hero. 

Howe*. 

Donegal. 

St. Jean 
d’Acre. 

Revenge. 

Renown. 

Mersey. 

Mar] - 
borough 

234*25 

260 

240 

238 

24475 

244*75 

300 

245-5 

55-33 

61 

55-33 

55-33 

55-33 

55-33 

52 

61*20 

3127 

4236 

3224 

3200 

33 ’^ 

3318 

3727 

4000 

22*70 

21*62 

23-16 

24-25 

24 

24‘33 

22*57 

26*25 

993 

949 

1004 

1067 

1065 

1082 

917 

11*89 

4765 

4770 

4960 

5340 

5446 

55-^0 

5678 

603s 

Hor. 

Hor. Tr. 

Hor. Tr. 

Hor. Tr. 

ITor. 

Hor. Tr. 

Hor. 

Hor. 

2 

2 

2 

2 

2 

2 

2 

2 

76 

= 92-5 

= 82 

=70-75 

82 

= 82 

92 

82 

3*5 

4 

4 

3-5 

4 

4 

4 

4 

56 

45-75 

5^-5 

61 

54-5 

56-5 

57-66 

54-66 

20 

20 

20 

20 

20 

20 

20 

20 

600 

1000 

800 

600 

800 

800 

800 

800 

2662*1 

2 j86*7 

2832*3 

2136 

3028-2 

3182*6 

3877-8 

3054-3 

18 

20 

19 

j8 

J 9 

19 

20 

19 

25'5 

28 

28 

21-67 

25 

28 

29*42 

27*25 

3*5 

4-5 

3*5 

3-5 

3-5 

3-5 

4-25 

3*61 

11*67 

9*25 

1 1 

1 13*25 

11*67 

12 

1 1*42 

14-5 

56 

45-75 

5^*5 

61 

54-5 

56'5 

57-66 

54-66 

n ’35 

11161 

11-912 

11*199 

11-53 

11-815 

12-796 

11*217 

14*086 

12*636 

14-500 

13-037 

13*440 

15-605 

16*728 

14*692 

155-5 

i8o*2 

173-6 


158*6 

161-9 

172 

153-2 

Light 

breeze. 

No. 3 to 
No. 4. 

Calm. 

No. I. 

No. 6 to 
No. 7. 


No. 2. 

No. 2 to 
No. 3. 

Smooth. 

Smooth. 





Smooth. 


^ Half-boiler power, 
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Table YII.— MEN-OF- 


WAE (Group 5). 


Groups of a Speed 


5. 

Between 13 

and 15 knots. 





Subgroups of Disiolacement 


F. 

Between 2000 

and 4000 tons. 


G. 

Between 4000 and 8000 tons. 


Newcastle.* 

Sutlej. 


Atlas. 

Duncan. 

Ariadne. 

II owe. 

1 

Orlando. 

Length between the perpendiculars 

250 

^ 54*5 • 


24475 

252 

2S0 

260 

300 

Breadth (extreme) 

52 

51*67 


55*33 

58 

50 

61 

52 i 

Tonnage 

3027 

3065 


3317 

3716 

3214 

4236 

37^7 

Mean draft of water 

17*20 

18*70 


19*37 

19-83 

21-33 

21-6i 

21*87 

Area of iinmerHed 

581 

530 


8 JO 

808 

771 

949 

880 

Displacement 

26 s 5 

2760 


3940 

39S5 

4426 

4770 

5416 

Engines. 








Description 

Horizontal. 

Horizontal. 


Horizontal. 

Horiz. trunk. 

Horizontal. 

Horiz. trunk. 

Horiz. trunk. 

Number of cylinders 

2 

2 


2 

2 

2 

2 

2 

Diameter of cylinders 

76 

66 


82 

= 82 

82*06 

9^*5 

9^*5 

Length of stroke 

3'5 

3*5 


4 1 

4 

3*67 

4 

4 

Number of revolutions, j>er minute 

6o'i66 

70*5 


60*333 

55 

61-6 

57*375 

50 

Weight per square inch on safely-valve 

20 

20 


20 

20 

20 

20 

20 

Nominal horse-power 

600 

500 


I 800 

800 

800 

1000 

1000 

Indicated horse-power 

2452-2 

2323-8 


373^*5 

3217-5 

3350*3 

4523-8 

3616-6 

PaOPELLER. 




I 





Description 





Oomiiioii 

1 



Diameter 

18 

1 8 *08 


19 

j 9-08 

20 

20 ^ 

20 

Pitch 

z6 

20*42 


1 27-5 

27-83 

25 

28 

3^*5 

Length 

3'':7 

3-16 


4* i 6 

3*5 

3*5 

4*5 

4*5 

Immersion of centre at trial 

8'67 

8*01 


8 *08 

8-92 

10-57 

9*25 

10*25 

Number of revolutions 

60*166 

70*5 


60*333 

^5 

61*6 

57*375 

50 

Speed of ship, in knots 

13*287 

13-067 


13-022 1 

13-289 

13-087 

13*565 

13-C01 

Speed of propeller, in knots 

i 5 ’ 43 i 

14*198 


16-366 

j 5*000 

15191 

15-847 

16-029 

Speed^X III -i- indicated horse-power 

183*3 

188*9 


147-6 1 

J83-3 

180*3 j 

156-4 

187*4 

Wind 

No. 2 ' 

Calm. 


1 

No. 5. 

1 

Collin. 

No. 2. 1 

1 

No. 3 to No. 4. 

Light breeze. 





1 



Smooth. 

Smooth. 

, 

Remarks. 
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Table VIII. — MEN-OF-WAE of 



Group 1 . I 

fnder 7 knots. 

Group 2 . 7 to 


St. George. 

Colossus. 

Chesapeake. 

Length, in feet 

2o6*5 

194*33 

207 

Breadth, in feet 

55'46 

56*42 

50 

Mean draft of water, in feet 

24*85 

12*32 

21*93 

Area of irnniersed section, in square fee.i . . . 

1012*4 

911 

758 

Displacement, in tons 

4559 

3785 

3402 

Ekuines. 




Description 

Horizontal. 

Hor. trunk. 

Horizontal. 

Number of cylinders 

2 

2 

2 

Diameter of cylinders, in inches 

71 

58-25 

64 

Length of stroke, in feet 

3 

3*^5 

3 

Number of revolutions, per minute 

46 

53 



Speed of piston, in feet per minute 

Nominal horse-power 

276 

344*5 


500 

400 

400 

Indicated horse-power 

1123 

1020 

897 

Total weight of engines, in tons 

115 

70 

93 

PllOrELLER. 




Diameter 

18 

17*12 

17 

Pitch 

20 

18*46 

22*5 

Length in line of sliaft 1 

3 

2*89 

3 

Number of blades 

2 

2 

2 

Depth of immersion from top of blade to \ 

5*46 



surface of water J 

5*22 

2*79 

Boss, in foot 

3*75X1*83 

3*i6X2 

3 X 1*75 

Weight of screw, in tons 

6*6 

695 

6-55 

Speed of ship, in knots per lioiu' 

4-5 

6 

7-2 

No. of revolutions of propeller, per minute..' 

Boilers. 




Pressure of steam in boiler, lbs. on the sq. in. 

17 

20 


Description 

Tubular. 

Tubular. 

Tubular. 

Length, in feet 

i 5'5 

12*08 

13*08 

Breadth, in feet 

11*33 

11*75 

11*5 

Height, in feet 

ii*o8 

11*67 

11*5 

Steam-room, in cubic feet 

1996 

1288 

1568 

Water-room, in cubic feet 

2170 

1680 

2100 

Number of furnaces 

20 

12 

16 

Gtrate surface, in square feet 

337*5 

?53 

277 

Total heating surface, in square feet 

94 ^ 9*5 

6644 

7387 

Number of boilers 

4 

4 

4 

Weight of boilers, total, in tons 

128 

90 

112 

Weight of water in boilers, in tons 
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which the particulars of Boilers are given. 





TABLE Till. 


Group 4 . 1 1 to 


MarlboroughJ Flyingfish. 


Eenown. 


Length, in feet 

Breadth, in feet 

Mean draft of water, in feet 

Area of immersed section, in square foot 
Displacement, in tons 


245-5 

61 *20 
26*24 
1169 

6035 


30*33 

11*42 

226 

1033 


244*75 

55*33 

23-67 

1050 

5320 


Description 

Number of cylinders 

Diameter of cylinders, in inches 

Length of stroke, in feet 

Number of revolutions per minute.. 
Speed of piston, in foet per minute., 
Nominal horse-power 


Nominal norse-power 

Indicated horse-power 

Total weight of engines, in tons 

Propeller. 


Description 

Diameter 

Pitch 

Length in line of shaft., 
Number of blades 


Horizontal. 


4 

54*66 

437*33 

800 

3054*26 

160 


Maudsley. 

19 

27*25 

3‘6i 

2 


Horizontal. H. doub. acting. 


Depth of immersion from top ot blade to "I 

surface of water 

Boss, in feet 

Weight of screw, in tons 

Speed of ship, in knots per hour 

No. of revolutions of propeller per minute . . 


3*83X2 


58-5 

2*25 

79 

355*4 

350 

1049*68 

49 


Common. 

13*16 

19-96 

3-01 

2 


3X1*5 

3*85 

11*536 

79 


89*5 & 36 
4 

54*5 

436 

800 

2754*64 

163 


Pressure of steam in boiler, lbs. on the sq. in, 


Description Com. tubular. High & 1 

Length, in feet i3‘9^ 

Breadth, in feet * ii*75 

Height, in feet i3'33 

Steam-room, in cubic feet 2700*8 1528 

Water -room, in cubic feet 39^° ^3^5 

Number of furnaces 24 18 

Grate surface, in square feet 544 247 

Total heating surface, in square feet ......... 1 5 1 66*8 7005 

Number of boilers 6 6 

Weight of boilers, total, in tons 211*8 76- 

Weight of water in boilers, in tons 1 12*0 39 


low tub. Com. tubular. 


13*67 

11*25 

13 

3562 

3780 

24 

544 

14854 

6 

179*8 
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{continued,') 


13 knots. 

Group 5. 1 3 to 15 knots. 


Diadem. 

Doris. 

Orlando. 

Mersey. 


240 

240 

300 

300 


48 

48 

5a 

52 


20*67 

20*49 

21*79 

21*57 


768 

73^^ 

876 

865 


3918 

3716 

5456 

5308 


Horizontal. 

H. doub. acting. 

H. doub. acting. 

H. doub. acting. 


2 

2 

2 

2 


82 

89*5 & 36 

100 & 38 

92 


4 

4 

4 

4 


55*25 

53*71 

53 

55'25 


442 

429*68 

424 

442 


800 

800 

1000 

1000 


2685*04 

3009*03 

399^ 

4044 


160 

162 

194 

200 


Griffiths. 

Griffiths. 




18 

20*08 

20 

20 


13*08 

30 

29-75 

29*42 



4*20 

4*5 

4*25 


2 

2 

2 

2 


1*35 

0*29 

0 

o*i6 


3*75X5 

3-67X5-00 

3*83X2*25 



10*20 

11*38 

12 

13 


11*899 

12*158 

13*16 j 

13*290 


55*25 

53*71 

53 

55*25 


18*5 

20*6 

19*67 

20 


Com. tubular. 

Com. tubular. 

Com. tubular. 

Com. tubular. 


13*83 

13*75 

14*42 

14*57 


ii*6i 

1 1*25 

12*25 

11*5 


12*57 

11*75 

11*83 

ia*o8 


2454*4 

2263 

3316 1 

3666 


3920 

4620 

1 5740 1 

4760 


24 

24 

32 : 

32 


1 544 

544 

688 

720 


15166*8 

14749 

19431 

18881 


6 

6 

8 

8 


192*25 

172 

228 

263*7 


112 

132 

164 

136 
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On the Meteorology of Port Louis in the Island of Mauritius, 

By Charles Meldrum, M,A, 

[A communication ordered to be printed in extenso.'] 

MATJRiTiirs lies nearly between the parallels of 20° and 21° S. latitude and 
the meridians of 57° and 58° E. longitude. With the exception of the small 
islands of Reunion, Rodrigues, and the Cargados, which are from 1 00 to 300 
miles distant, the nearest land is Madagascar, about 500 miles due west. 
The nearest point of Africa is about 1100 miles W. b. N., and of India about 
2000 miles N.E. b. N. Towards the E.N.E., E., and E.S.E., are the Indian 
archipelago and Australia, at distances of 2600 to 3400 miles ; while to the 
southward an almost unbroken ocean stretches away to the polar seas. 

Thus surrounded by a great expanse of ocean, especially to windward, 
Mauritius may be regarded as a locality in which the meteorological elements 
may bo determined in a form comparatively free from the complications 
caused by neighbouring masses of land. 

The island itself, which is of volcanic origin, has an area of 700 square 
miles, and is of an oval form. Its greatest length is 39 miles, and its 
greatest breadth 34 miles. Nearly one- third of it is under the cultivation 
of the sugar-cane, the other two-thirds consisting chiefly of pasturage, 
forest, and mountain. In the interior, and more or less surrounded by three 
chains of mountains, varying from 1000 to nearly 3000 feet in height, and 
sending off spurs towards the coast, is a tableland, which attains an eleva- 
tion of 800 to 1400 feet, and a considerable portion of which has of late 
years been planted with the sugar-cane, the primeval forests having, to a 
great extent, been cut down for the purpose. Between these mountain- 
chains and the shore, particularly in the northern parts of the island, are 
plains generally covered with sugar-cane, and gently sloping to the sea, 
above which they arc but little elevated. Eor beauty and variety of scenery, 
for bold mountains, generally clothed halfway up their steep sides with ever- 
green trees and shrubs, and rearing their naked heads against skies of the 
softest blue, for rugged precipices, fantastic knolls, peaks, and ridges, for 
tangled forests, deep ravines and caverns, picturesque waterfalls, shady groves, 
and rich fertile plains and valleys, this little island is perhaps unsurpassed. 

The Observatory is situated on the west side of the harbour of Port Louis, 
on the north-west coast of the island, in 20° 9' 56" S., and 57° 29' 30" E. 
It stands upon a coral-rock. Erom W.S.W. to E.N.E., through the east, it 
is surrounded by a chain of mountains rising to the height of 700 to 2707 
feet. As these mountains bear in the direction from which the prevailing 
wind blows, and are only from a quarter of a mile to a mile and a half dis- 
tant, the position of the Observatory is not very favourable. 

The observations which form the basis of this communication embrace a 
period of seven years, namely 1860 to 1866 inclusive. 

There are two classes of observations, — 1st, observations taken daily at 
3| A.M., 9 ^ A.M., 3| p.M., and 9J p.m. ; and, 2nd, observations taken hourly 
on the 21st of each month. 

The former are referred to as the sixAiourhj observations, and the latter as 
the term-day observations. 

As the principal use of the term-day observations is for determining the 
epochs of the turning-points and the range of the meteorological elements 
in their diurnal march, they are not, like the six-hourly observations, dis- 
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cussed for the whole period, but for such portions of it as have been deemed 
sufficient for the object in view. 

The instruments are by Newman, Negretti and Zambra, and Casella, and 
have been compared with the Greenwich and Kew standards. The barometer, 
the tube of which has an interior diameter of *564 inch, is, with the thermo- 
meters, 30 feet above the sea-level. The rain-gauge and solar thermometers 
are 40 feet above the ground, and the vane of Osier’s anemometer 10 feet 
above the highest point of the building. 

From 1852 to 1859 a similar series of observations was taken by the 
Royal Engineers, in a tower about 400 yards west of the Observatory ; so 
that the two series embrace a period of 14 years. I confine myself to the 
second series (1860-66), taken under my own direction. The results are 
given in 42 Tables, to which I beg to prefix a few remarks, intended to 
direct attention to some of the more salient features. I begin with the 
temperature. 

I. Temperature. 

Diurnal Variation . — The last line but one in Table I. exhibits the mean 
temperature of the air at 3^ a.m., 9^ a.m.. 3| p.m., and 9^ p.m. The means 
for these hours are 75°-50, 77^*59, 78®*99, and 76°*36, respectively, which 
gives a mean daily temperature of 77°'ll. The last line shows the excess 
or defect of the mean for each observation hour on the mean (77°*11) of 
the 10,220 observations taken during the whole period of seven years. 

As the intervals between the observation hours are considerable, it is neces- 
sary, in order to obtain more complete information regarding the diurnal 
march of the temperature, to have recourse to the hourly observations taken 
on the term-days. The results of these, for a period of four years, are pre- 
sented in Table II., in wliich the last column but one gives the mean tem- 
perature for each hour, commencing with 6 a.m. Wc perceive that there is 
a single progression, having one ascending and one descending branch, the 
temperature gradually increasing from 75°*55 at 6 a.m. to 79°*43 at 1 p.m., 
and then decreasing till 6 a.m. This progression, it need scarcely be 
remarked, is dependent on the earth’s rotation on its axis with regard to the 
sun. In the last column is presented the amount by which the mean for 
each hour falls short of (—), or exceeds (d-), the mean for the 24 hours 
(77°*14). We see that there are nine hours, namely, 10 a.m. to 6 p.m. 
inclusive, during which the temperature is above the mean for the day, and 
fifteen hours during which it is below the mean. The range is 3° *88. The 
greatest increase in any two hours takes place between 9 and 11 a.m., and 
amounts to 1°*81, and the greatest fall in any two hours from 3 to 5 p.m., 
and amounts to 1°. The mean temperature for the day occurs very nearly 
at 9 a.m. and 7 p.m. 

On inspecting the other columns, which give the diurnal variation for 
each month, it may be seen that, though the minimum generally occurs at 
6 A.M., and the maximum at 1 p.m., the epochs of the turning-points vary a 
little with the season. 

Comparing Tables I. and II., we find that the mean daily temperature is 
almost identical in both, being 77°’ll in the one, and 77°*14 in the other, 
notwithstanding the fewness of the observations in the latter case. 

Greatest Diurnal Range . — Table III. shows the greatest range of tem- 
perature, on any one day, in each month, obtained from daily observations of 
the maximum and minimum thermometers for five years (1862-1866). It 
will be seen that the greatest range on any one day during that period was 
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13% in, March 1866, and the least of tho extreme diurnal ranges 0^*4, in 
October and Kovember 1862, and that tho greatest variations of temperature 
take place during the summer months, namely, from 1^'ovember to May. 

Least Diurnal Mange , — The least range of temperature, on any one day, 
during the same five years, was 1®*4 in June 1866, and the greatest of the 
least diurnal ranges 6° in January 1865, as appears from Table lY., which 
likewise shows that the summer months are subject to greater fluctuations 
of temperature than the winter months. 

Mea^i Diurnal Mange. — Table V., in which the mean diurnal range for 
each month is given, shows that the mean diurnal range for tho year is 
6°*60, and that the greatest fluctuations occur in the summer months. 

Annual Variation, — The annual march of tho temperature, derived from 
tho daily six-hourly observations for seven jxars, is exhibited in the last 
column but one of Table VI. Like the diurnal march it is a simple progres- 
sion, having one ascending and one descending branch. The least mean 
monthly temperature is 71°*95 for July, and the greatest 81°-72 for January. 
From July to January tho temperature increases, and from elanuarj^ to July 
it decreases. This progression, as is well known, depends on the motion of 
the earth in its orbit. Tho epochs of highest and lowest temperature, how- 
ever, do not coincide with those of the sun’s highest and lowest meridional 
altitudes, but occur at later periods, the maximum temperature about the 
4th of February, and the minimum about the 7th of August. The last 
column shows the amount of variation, or tho excess and defect of the mean 
temperature (77°*11) on the monthly means. During the six summer 
months the temperature is above, and during the six winter months below, 
the mean temperature, the epochs of which are tho 7th of May and tho 5th 
of November. 

For the sako of comparison, I have given in Table YII. the mean monthly 
temperature obtained by taking the mean of the daily readings of the maxi- 
mum and minimum thermometers. The mean annual temperature thus 
derived is 77°*80, or 0*69 higher than that given by tho six-hourly obser- 
vations. 

Temperature in the ^un^s Mags. — Table VIII. shows the mean monthly 
maximum temperature in the sun’s rays, obtained by daily observation of a 
black bulb thermometer inclosed in an exhausted tube, exposed at an eleva- 
tion of 40 feet above tho ground, and protected, as far as possible, from local 
radiation. Tho results, which, as measures of solar radiation, are, of course, 
subject to the usual objections, imcscnt a progression similar to that of tho 
temperature in tho shade, the greatest mean monthly maximum being 11 7*^*6 
for January, and tho least 101°'2 for July, — the progression being harmo- 
nious, except that the temperature in February is somewhat lower than in 
March, owing probably to the former month being cloudier than tho latter. 

Extreme Monthly Mange. — Table IX. shows the maximum and minimum 
temperature and the extreme range of temperature for each month, and 
their monthly and yearly means. The greatest range in any one month was 
18° in November 1864, and the least 6°*4 in October 1 862. The greatest 
fluctuations occur in the warmest months. 

Secular VariaUon. — The last line in Table VI. shows that the tempera- 
ture has varied little, it being for four years out of the seven almost the same, 
and the greatest difference between any two years being only 0°*95. 

A similar remark applies to the numbers in tho last line in Table VII., 
showing the mean annual temperature as dtxived from the seif-registering 
thermometers. 
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The last line in Table VIII. shows that the temperature in the sun’s rays 
was considerably greater in 1860 than in any other year, and that, upon the 
whole, it decreased till 1864, and has been increasing since that year. 

^vtreme Anrmal Mange . — The extreme annual range of temperature for 
each year is given in Table X., containing the highest and lowest readings 
of the self-registering thermometers, and the epochs of occurrence. The 
mean annual range is 22°*52. 

II. Elastic Force op Yapour. 

The pressure of the atmosphere, as measured by the barometer, is the 
combined pressures of the dry air and the aqueous vapour suspended in it ; 
and many are of opinion that, by means of simultaneous observations of the 
barometer and dry and wet thermometers, the two pressures may be sepa- 
rated and exhibited apart. 

Diurnal Variation . — The last line but one in Table XI. gives the diurnal 
march of the vapour-pressure in inclies of mercury, as deduced by Glaisher’s 
Tables from the six-hourly observations of the dry and wet thermometers. 
We perceive that the pressure is greatest (*658) at the warmest observation 
hour (3g P.M.), and least (*646) at the coldest hour (3g a.m.), which is what 
would be expected, since the capacity of air for vapour is directly as the 
temperature. The last line shows the amount of variation, which is slight. 

The last two columns in Table XII. exhibit the mean vapour-pressure for 
each hour of the day, and its deviation from the daily mean, obtained from 
the hourly term-day observations for four years (1863-06). Here we have 
complete evidence of a direct harmony between the diurnal march of the 
vapour-pressure and that of the temperature, the hours of the greatest vapour- 
pressure coinciding with those of the greatest temperature, and vice versd. We 
see that the march of the vapour-pressure, though a little irregular, is like tho 
march of the temperature, a single progression, having two branches, the one, 
upon tho whole, ascending from 4 a.m., when the pressure is least (*621), to 
1 P.M., when it is greatest (*646), and tho other descending from 2 r.M. to 
4 A.M. Between 6 and 8 a.m., as the heat increases, the pressure takes a start 
upwards, and from 8 a.m. to 3 p.m. it is nearly stationary. From 3 to 4 p.m., 
as tho heat declines, the vapour-]Dressure also declines, and again continues 
nearly uniform till 2 a.m., between which hour and 4 a.m. it falls once more. 
From 8 a.m. to 5 p.m. it is above the mean for the day, and from 5 p.m. to 
8 A.M. below it, attaining its mean value about 7 a.m. and 5 p.m. 

Annual Variation . — The last two columns in Table XIII. give the annual 
march of the vapour-pressure, and the amount of its deviation from the 
annual mean, derived from the six-hourly observations. Here also wo have, 
upon the whole, a single progression. The vapour-pressure attains its maxi- 
mum (*767) in February, and its minimum (*550) in July. From February to 
July it decreases, and from July to February it increases, except in September, 
when it is less than in August, — August, as we shall presently see, being a 
month in which not only the vapour-pressure, but also the humidity, rain- 
fall, and cloud are greater than in the months immediately preceding and 
following it, these elements showing a tendency to a small second maximum. 
During the six summer months the vapour-pressure exceeds the mean for 
the year (*652), and during the six winter months it falls short of it. There 
is thus a connexion between the annual variation of the vapour-pressure 
and that of the temperature of a kind similar to that between the diurnal 
variations of the same elements, the progressions being in the same direc- 
tion, and the turning-points nearly coincident. 
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Extreme Monthly Range , — ^Prom Table XIV., which gives the maximum 
and minimi im vapour-pressure and the range for each month, together with 
their monthly means, it will be seen that the greatest range in any one 
month was -384 in March 1864, and the least *149 in May 1863 and Septem- 
ber 1864, and that January to May inclusive are the months subject to 
the greatest fluctuation. 

Secular Variation , — An examination of the last two lines in Table XIII. 
will show that, upon the whole, the vapour-pressure has been decreasing since 
1860. This becomes more evident when we take the means of the results 
for every two consecutive years. The mean pressure for 1866 was *033 
below the mean for the seven years, and *061 below the mean for 1860. 
Looking at the columns which give the monthly means in each year, we find 
that the greatest mean monthly pressure was *702 in February 1860, and 
the least *498 in July 1866. 

Extreme Annual Range , — Table XV. gives the greatest and least vapour- 
pressure and the range for each year, with the dates. The mean annual 
range is *494 inch. 


III. Humidity. 

The degree of humidity is the ratio of the amount of vapour contained in 
the air to the amount it would contain if saturated with vapour. Henee, if 
complete saturation be denoted by 100, and complete dryness by 0, the 
degree of humidity at any temperature will be obtained by multiplying the 
actual tension of vapour at that temperature by 100, and dividing the 
product by the tension required for complete saturation at the same tem- 
perature. 

Diurnal Variation , — Table XVI. gives the diurnal variation of the rela- 
tive humidity, so far as it can be directly determined by six-hourly observa- 
tions. An inspection of the last line but one will show that the humidity is 
least (67*3) at the warmest observation hour (3| p.m.), and greatest (73*7) 
at the coldest observation hour (3| a,m.), and that at the other hours it has 
intermediate values. The mean relative humidity is 70-9, or, complete satu- 
ration being 100, nearly 71 hundredths. 

Table XVIII., in which the hourly means of the relative humidity, and 
their deviation from the daily mean, are given, as obtained from four years’ 
term-day observations, shows that the diurnal march, like that of the tem- 
perature and vapour-pressure, is a single progression, with two branches 
and two turning-points. In this case, however, the march is in a contrary 
direction, the greatest humidity occurring at the coldest hours of the day, 
and the least at the warmest. Thus, the least humidity (63*6) occurs at 
1 P.M., from which hour till 2 a.m. it increases to 69*9. It then remains 
nearly stationary till 8 a.m., showing, however, a tendency to a second 
minimum at 4 a.m. Prom 8 a.m. to I p.m. it decreases. Prom 9 a.m. to 
7 P.M. it is below the mean for the day, and during the other hours above 
it, attaining its mean daily value about 9 a.m. and 7 p.m. 

Annual Variation , — The annual march of the relative humidity, and its 
variation, are shown in the last two columns of Table XVIII. Here we sec 
that Pebruary is the most humid month, and November the driest, the 
mean for the former being 74*7, and for the latter 68*1. Prom Pebruary 
to June the humidity decreases ; from June to August it increases ; from 
August to November it decreases again, and from November to Pebruary 
increases. There are thus two maxima and two minima, the Pebruary 
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maximum, however, being considerably greater than the August maximum, 
and the November minimum considerably less than the June minimum. 

We have seen that the diurnal march of the humidity corresponds with 
that of the temperature in an inverse sense, the coldest hours being the 
moistest, and the warmest hours the driest. Such is not the case with the 
annual march, for the most humid months are the warmest. This seems to 
arise from the greater length of time that the high temperature prevails in 
the one case than in the other. Prom August (which is nearly the coldest 
month) to November, the humidity goes on decreasing with an increasing 
temperature, the relation between the two elements in their annual march 
being here analogous to that between them in their diurnal march ; but it 
would appear that by December the vapour has accumulated so much that, 
notwithstanding the increasing temperature, the humidity, instead of de- 
creasing further, begins to increase, and it goes on increasing till Pebruary. 
Owing to the excess of accumulated vapour, time is now required to restore 
the two elements to their normal relation ; and although the temperature 
decreases, the humidity docs not increase but decreases, the evaporation from 
the surrounding ocean becoming less active ; and it is not till June that the 
humidity begins to increase with a decreasing temperature. In August the 
temperature commences to rise, and then the humidity decreases with the 
increasing temperature till November or December, when the overpowering 
etfect of evaporation again causes the humidity to increase with the tem- 
perature. 

Extreme Monthhj Range , — Table XIX. gives the highest and lowest 
humidity and the extreme range for each month. The greatest range for 
any one month was 38*7 in January 1800, and the least 17*5 in November 
18*66. January, Pebruary, March, and August are the months in which 
the greatest fluctuations occur. 

Secular Variation . — The last two lines in Table XYIII. show that 1860 
was the most humid 5’ear (73*6), and 1866 the driest (66’4) ; and that, upon 
the whole, the humidity, like the vapour-pressure, has been decreasing since 
1860. The most humid month during the seven years was August 1860 
(77-8), and the driest November 1866 (57*0), when a severe drought pre- 
vailed. 

Extreme Annual Range . — Table XX. shows the maximum and minimum 
relative humidity, the epochs, and range for each year. The mean annual 
range is 41*5. 

lY. Atmospheric Pressure. 

Diurnal Variation . — Table XXI. exhibits the mean pressure of the atmo- 
sphere for each of the hours 3| a.m., 9^ a.m., 3| p.m., and 9| p.m. ; and 
whether we regard the monthly results, or the yearly results, for those 
hours, we find two maxima and two minima, the maxima occurring at 9^ 
A.M. and P.M., and the minima at Si a.m. and p.m. Prom the last line but 
one it appears that from 3| a.m. to 9^ a.m. the barometer rises from 30*038 
to 30*086 inches, which gives a range of *048 inch ; from 9| a.m. to 3| p.m. 
it falls from 30*086 to 30*015, that is, to the extent of *071 ; from 3^ p.m. 
to 9| P.M. it rises from 30*015 to 30*085, or to the extent of *070 ; and 
from 9 1 P.M. to 3| a.m. it falls to the extent of *047. 

But in order to know with certainty whether the march is a double progres- 
sion, and, if so, what are the epochs of the turning-points, we must examine 
the term-day observations. The results of these for four years are pre- 
sented in Table XXII. The last two columns exhibit the mean atmospheric 
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pressure for each hour of the day, and its deviation from the mean of all 
the observations. Beginning with 9 a.m., we find that for that hour the 
mean height of the barometer is .30*090 inches. It then gradually falls to 
30*017 at 3 p.M., from which hour it ascends till 10 p.m., when it stands at 
30*086. It again gradually falls to 30*037 at 4 a.m., from which hour it 
again rises till 9 a.m. We thus see that the diurnal march of the atmo- 
spheric pressure is a double progression with four turning-points, namely, 
two maxima at 9 a.m. and 10 p.m., and two minima at 4 a.m. and 3 p.m. 

This diurnal oscillation of the atmospheric pressure at Mauritius, as at 
other tropical stations, is extremely systematic and regular. Its amount, 
and the epochs of its turning-points, vary a little according to the time of 
year, as may be seen from the Table ; but, except on very rare occasions, as 
on the 13th of January 1863, when the centre of a revolving storm was pas- 
sing near the Observatory, it makes its appearance unerringly in all kinds of 
weather. Several theories have been framed with the view of explaining it, 
but none of them has met with entire acceptance. 

Annual Variation . — In the last two columns of Table XXIII. we have 
the annual march of the atmospheric pressure, and the monthly deviation 
from the mean for the year. We perceive that the mean pressure for 
February is 29*843 inches, that from February to August it gradually in- 
creases to 30*193, and then gradually decreases till February, and that thus 
the progression is single, having one maximum and one minimum. The 
annual march of this element, therefore, is in a contrary direction to that of 
the temperature, the maximum of the one corresponding nearly, but not 
exactly, with the minimum of the other, and vice versa, the turning-points 
of the atmospheric pressure occurring later than those of the temperature. 
From December to April inclusive, the barometer is below its mean for the 
year (30*056), and during the other months above it, the epochs of the mean 
being about the 11th of May and the 9th of November. 

Extreme Monthly Range. — Table XXIV. gives the maximum and minimum 
pressure and the range for each month, with their means. The greatest range 
in any one month was 0*977 inch in February 1861, and the least *170 inch 
in December 1860. December, January, February, March, and June are the 
months in which the greatest fluctuations occur. 

Comparing the mean monthly oscillation of the atmospheric pressure given 
in this Table with that of the vapour-pressure in Table XI Y., we find that, 
if the oscillations of the vapour-pressure affect the barometer to their full 
extent, the barometric oscillations depend more upon those of the vapour- 
pressure than of the dry pressure. 

Secular Variation . — On looking over the last line in Table XXIII., show- 
ing the annual means, we find that since 1861 the atmospheric pressure has 
been increasing. The lowest annual mean is 30*032 for that year, and the 
highest 30*081 for 1864 and 1866, which gives a range of *049 inch, an 
amount no doubt mainly due to the disturbing effect of hurricanes. Owing 
to the great prevalence of hurricane weather in February 1861, for ex- 
ample, the mean for that month (29*665) is less than it would otherwise 
have been, and consequently that for the year. 

Extreme Annual Range. — Table XXV. gives the greatest and least pres- 
sure, the epochs, and range for each year. The mean annual range is 0*918 
inch, while that of the vapour-pressure (Table XV.) is 0*494 inch. 

Y. Pressitee of the Dry Air. 

The phenomenon of the double maximum and minimum, exhibited by the 
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diurnal ma?cli of the total atmospheric pressure, has received from M. Dove, 
and, after him, from General Sabine, Sir John Herschel, and others, an ex- 
planation founded on the supposed effect of one of the constituents of the total 
pressure, namely, the aqueous pressure. Assuming that observations of the 
wot and dry thermometers enable us to determine the whole pressure of the 
vapour in ^tho atmosphere, and finding in many instances that when the 
vapour-pressure thus obtained is deducted from the total pressure, tho march 
of the residual dry pressure presents a single progression, having one maxi- 
mum and one minimum, corresponding with tho coldest and hottest hours, 
it has been inferred that the double maximum and minimum of tho total 
pressure is owing to tho march of the vapour-pressure being contrary to 
that of tho gaseous pressure, an increase of temperature causing an increase 
of vapour-pressure, hut a decrease of dry pressure, and vice versd» 

Let us sec whether this view will afford an explanation of tho double 
maximum and minimum of the total pressure at Mauritius. 

Diurnal Variation , — In Table XXXVIII. will be found the total atmo- 
spheric pressure, tho vapour-pressure, and the dry pressure for each hour, 
derived from tho term-day observations ; and it will be seen that the dry 
pressure does not present a single progrossioii, but, like the total pressure, a 
well-marked double progression, having two maxima at 9 a.m. and 10 p.m., 
and two minima at 3 r.M. and 3 a.m. 

Tho hourly observations from which these results have been deduced were 
not numerous, but there is little doubt that more extensive observation 
would have led to tho same conclusion ; for tho six -hourly observations, 
extending over a period of seven years, also give a double maximum and 
minimum for tho dry pressure, as will appear from an inspection of Table 
XXXYII., which shows that the dry pressure has a maximum at a.m. 
and P.M., and a minimum at a.m. and p.m., just like the total pressure. 

We are thus led to conclude that, if the observations of tho dry and wet 
thermometers afford tho means of determining tho vapour-pressure, tho 
gaseous pressure at Mauritius has a progression in every respect similar to 
that of the total atmospheric pressure, and therefore that the phenomenon 
in question cannot be accounted for by the direct action of the vapour- 
pressure. 

A similar progression of tho dry pressure at Bombay has been referred to 
the relations which arise from the juxtaposition of land and sea, causing 
land and sea breezes. At Mauritius, surrounded on all sides by tho Indian 
Ocean, tho double progression of the dry pressure occurs in all kinds of 
weather, and from whatever quarter the wind may come, and is most marked 
on those days when the trade-wind blows steadily; and hence it is presu- 
mable that it occurs at sea, away from the influence of land. 

Annual Variation , — At many extratropical stations, the annual variation 
of tho total pressure shows little trace of periodicity, but when the vapour- 
pressure is deducted, the dry pressure is found to have a progression in 
inverse harmony with that of the temperature. On examining Table 
XXXIX., Jt will be seen that at Mauritius the annual march of tho dry 
pressure is exactly like that of the total pressure, and that both have appa- 
rently the same relation to the temperature. 

YI. DiitEcrroN and Yeerino op the Wind. 

Table XXYI. shows the number of times the wind blew from the principal 
points of the compass. The observations were taken four times a day during 
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five years, and their number therefore was 7300, of which 1076 were for 
calms, and 98 for variables, leaving 6126 for the direction of the wind. The 
distribution of this latter number for the four quarters of the horizon was as 
follows : from north to east (not including east) 683, from east to south (not 
including south) 4740, from south to west (not including west) 158, and 
from west to north (not including north) 545, — showing that the number of 
times the wind came from the points between east and south was nearly four 
times as great as the number of times it came from the remaining three 
quarters together. From east to S.E. inclusive, the number of observations 
was 4286, which is more than two-thirds of the total number of observations. 
This shows the great preponderance of the trade-wind, which prevails 
throughout the whole year, but is strongest and steadiest from May to No- 
vember, and more especially in June, July, and August. 

The wind veers almost always with the sun, or from S.E. through east to 
north, N.W., &c., decreasing in force as it veers. It often remains steady at 
E.8.E. for a week or ten days. After it passes N.E., calms and variables 
with light north-westerly and westerly breezes, and close sultry weather pre- 
vail for two or three days. The trade-wind then reappears at S.S.E. A similar 
revolution sometimes takes place in the course of a day. The wind seldom 
veers in the opposite direction ; but it always does so during the passage of a 
revolving storm on the east side of the island. 

VII. Foece of the Wind. 

Diurnal Variation , — As Osier’s anemometer is not affected by light breezes, 
the force of the wind at the observation hours has usually been estimated. 
Table XXVII. gives the mean estimated force derived from the six-hourly 
observations. The results are but approximations; for, independently of 
other sources of error, the site of the Observatory is not favourable for de- 
termining the true force and direction of the wind, even with the most ap- 
proved instruments. 8 till, the observations indicate that the force varies 
directly as the temperature, the greatest pressure occurring at the warmest 
hours. 

The last column in Table XXXVIII. gives the mean estimated force for 
each hour derived from the term-day observations. Here likewise, notwith- 
standing the fewness of the observations, we see a general agreement between 
the variations of the force of the wind and the temperature. 

Annual Variation . — Table XXVIII. gives the mean estimated force. Ja- 
nuary, February, and March are the months in which the wind is strongest 
at the observation hours, and next to them June, July, and August. In the 
former months hurricanes occur, and in the latter the S.E. trade-wind blows 
in full force. From February to May the wind decreases ; in June, July, and 
August it is high ; from August to November it decreases, and from Novem- 
ber to February it increases. There is thus an indication of a double pro- 
gression. 

Mean Monthly Maximum Force , — Table XXIX. shows the mean maximum 
force of the wdnd for each month, as recorded by Osier’s anemometer, with- 
out regard to the hour of the day. We find that, notwithstanding the severe 
hurricanes which occasionally occur in the summer months, the mean maxi- 
mum force of the wind is greater for June, July, and August than for any 
other three months. Wo perceive also that this Table, like the former, points 
to a double maximum and minimum. From November to February the wind 
increases with an increasing temperature, and from February to April it de- 
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creases with a decreasing temperature. But from April to June it again in- 
creases with a decreasing temperature, and stands high in the latter month, 
and in July and August, owing probably to the high temperature in the 
northern hemisphere causing an influx of air (S.W. monsoon) towards the 
heated regions, and thus exciting the S.E. trade-wind in the southern hemi- 
sphere. From August to !N’ovember the mean maximum force decreases. 

Secular Variation , — The last lines in Tables XXYIII. and XXIX. show 
that 1860, 1861, and 1863 were the years in which the force of the wind 
was greatest, and we shall presently see that these were the years in which 
hurricanes were most frequent and violent. The years 1862 and 1864 were 
remarkable for an absence of hurricanes, and these were the years in which 
the mean force of the wind was least. 

Extreme Annual Force , — Table XXX. shows the greatest force of the wind, 
and the epoch, for each year. 


VIII. Clotti). 

Tables XXXI. and XXXII. exhibit the mean amount of cloud for each of 
the four daily observation hours, each month and each year. The nights 
and mornings are comparatively cloudless. Towards 1 0 a.m. the clouds be- 
gin to gather, by 2 p.m. the sky is often overcast, and in the evening the 
weather usually clears up. The mean amount of cloud for the year is 
47, 100 denoting completely overcast. Februaiy is the cloudiest and June 
the least cloudy month, the means being 59 and 40 respectively. The last 
column in Table XXXII. points to a connexion between the amount of cloud 
and the temperature. From November to February the amount of cloud in- 
creases, and from February to June it decreases. From June to November, 
however, there is a tendency to a second progression. 

IX. Eainpall. 

Table XXXIII. gives the amount of rainfall for each month and year. 
The greatest fall in any one month during the seven years was 46*57 inches in 
February 1861. In September 1861 and November 1866 there was no 
rainfall sufficient to affect the gauge. The greatest mean monthly fall is 
14*23 inches for February, and the least 0*39 inch for September. From 
September to February the rainfall increases ; from February to June it de- 
creases; from June to August it increases again, and then falls in September, — 
showing, upon the whole, a double progression, having its maxima in Febru- 
ary and August, and its minima in June and September. The mean annual 
fall is 37*87 inches, and the mean monthly fall 3*16 inches. The greatest fall 
in anyone year was 68*76 inches in 1861. and the least 20*56 inches in 1866. 
The principal rain-bearing wind is the trade-wind from E.S.E. to E.N.E. ; 
but at times, during the summer months, torrents of rain descend with north- 
erly and north-westerly winds, and on those occasions the mountains become 
enveloped in dense mist. The greatest rainfall on any one day, in each year, 
with the date, is shown in Table XXXIV. 

There is reason to fear that the rainfall is decreasing : the fall during the 
first three years was considerably greater than that during the last four years 
of the period of seven years. 

In some parts of the island the rainfall is much greater than at Port Louis, 
as will be seen from Table XXXV., showing the rainfall at nineteen stations 
for periods ranging from two to five years. Of these stations, Gros Cailloux 
and Port Louis, both on the coast, and not many feet above the sea-level, are 
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atnount for five years being 28*03 inches at the formet) and 80*24 inches at 
the latter station. Mont Choisy is also on the west coast near the northern 
ejttremity of the island, but further east than Gros Oailloux and Port Louis, 
and at it the mean annual fall for the same period was 51*54 inches. Some 
miles south-eastward of Mont Choisy, further from the coast, and at elevations 
of 200 to 600 feet, are four other stations, namely, Lcs Rochers, Labourdon- 
nals, the Botanical Gardens, and Lucia; and, with the exception of Los 
Rochers, where the mean annual fall was 50*10 inches, the rainfall at each 
of these stations was considerably greater than at Mont Choisy, having been 
63*62 inches at Labourdonnais, and 67*98 inches at Lucia; while at the 
Botanical Gardens, in 1864 and 1865, it was also greater than at Mont Choisy. 
It should here be remarked that Lucia, the station at which the greatest 
rainfall occurs in that part of the island, lies south-eastward of the other 
stations, and at a higher elevation. About fourteen miles due north of Lucia 
is a small island, called Plat Island, about hve miles from the mainland. 
Observations on the rainfall were taken there in 1862 and 1863, and it will 
be seen that the amounts for those years were 28*02 and 36*54 inches, re- 
spectively, or nearly the same as at Port Louis. About seven miles 8.S.W. 
of Lucia, and at the same distance E.S.E. of Port Louis, is Espcrance, on the 
central tableland, at an elevation of about 1400 feet. Here, in 1865, the 
rainfall was 147*74 inches against 101*56 at Lucia, 44*73 at Port Louis, 
and 36*57 at Gros Cailloux. Westward and south-westward of Espdrance, at 
distances of five to eleven miles, and at elevations of 900 to 1300 feet, are five 
stations more, namely, Croft- an-lligh, Beau Sejour, Trianon, the Braes, and 
Mosnil, at each of which the rainfall, though more than double what it is at 
Port Louis, is considerably less than at Esperance. At a distance of about 
eight miles east of Esperance, and about four miles from the east coast, is 
La Gaite. Here the rainfall is also less than at Esperance, but greater than 
at the stations westward and south-westward of it (except Mcsnil, the highest 
of them), although these are more elevated than La Gaite. But the rainiest 
station of all is Cluny, which lies about eleven miles south of Esperance, and 
sixteen miles S.E. of I?ort Louis, at a height of about 900 feet above the sea, 
and nearly surrounded by mountains and forests. At this station, in 1865, 
the rainfall was 192*45 inches, and the mean fall for five years was 142*80 
inches. Southward and south-eastward of Cluny, nearer the coast, and at 
lower elevations, are three more stations, namely, Gros Bois, Beau Vallon, and 
St. Aubin, at each of which the rainfall is also very considerable, having, in 
1865, been 135*21, 100*85, and 115*61 inches, respectively. 

These observations illustrate the influence of local circumstances, as eleva- 
tion, direction of wind, mountain, and forest on the rainfall of a place. Thus, 
at La Gaite, near the east coast, the rainfall (in 1865) was 97*55 inches ; at 
Esperance, nearly duo west, but at a much higher elevation, it was 147*74 
inches ; at Croft-an-Righ, westward of Esperance, and at a lower level 
than it, but at a considerably higher level than La Gaite, the rainfall was 
79*44 inches ; and at Gros CaiUoux, west of Croft-an-Righ, on the west coast, 
it was only 36*57 inches, or not much more than one-third the rainfall at 
La Gaite on the east coast. These stations are situated nearly in a line and 
in the direction of the prevailing wind ; and the greater fall at Esperance 
than at La Gaite is probably due to the higher elevation and lower tempera- 
ture of the former ; while the greater fall at La Gaite than at Croft-an-Righ, 
though the latter stands at a higher level, seems to be due to the situation 
of La Gaitd on that side of the island on which the vapour first impinges 
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as it comes up from the sea. Comparing the rainfall at Beau YaUon, Cluny, 
Beau Sejour, and Gros Cailloux, which lie nearly in a 8#E* and N.W. direc- 
tion, we find similar relations. 

Por some years past many parts of the island, particularly on the western 
and northern coasts, have been suffering from drought ; the rivers have been 
gradually diminishing, and the lakes and marshes in the interior been drying 
Up. As we have already seen, last year (1866) has been the driest of all, 
the rainfall in some places having been little more than half the average fall. 
The consequence is that this year’s crop will be very much reduced. 

The evil which is thus pressing on the colony is generally attributed to 
the extensive clearings which have been earned on in all directions during 
the last fifteen years. The primeval forests with which this little island was 
at one time clothed have to a great extent been replaced by the sugar-cane, 
and now the cane languishes and dies for want of moisture. It would be 
satisfactory to those interested in the welfare of Mauritius to have the 
opinions of men of science as to the probable effect of the destruction of 
forests on the rainfall and humidity, and 1 am glad of having an opportunity 
of bringing the subject before the Association. Given a small mountainous 
island in the trade-wind region, covered with dense forests, and surrounded 
by a tropical sea : what effect, if any, with respect to rainfall and humidity, 
would be produced by stripping that island of its forests, and exposing 
soil and rocks to the sun’s rays ? It seems to me that, whether the annual 
rainfall would diminish or not, the air would become drier, as the greater 
portion of the rains would be speedily carried away to the sea, and the re- 
maining portion speedily evaporated. This last year, however, shows a very 
marked decrease of rain, and if the previous six years do not so to the same 
extent, they show a tendency to a recurrence of floods and droughts — that 
is, to a disturbance in the distribution of the rainfall. The humidity of the 
air also has, as we have seen, been upon the whole decreasing at Port Louis 
since 1860. In that year it was 73*0, while in 1866 it was only 66-4. 

X. Thundee and Lightnino. 

Table XXXYI. shows that in the course of the seven years no lightning was 
seen between May and Xovember, except on one day in August 1864. Ja- 
nuary, March, Pebruary, and April are the months in which thunder-storms 
prevail ; they generally occur in the afternoon, but occasionally at other 
periods of the day, or in the night. Some are local, and others travel over a 
considerable extent of ocean. The average number of days per annum on 
which lightning was visible is 26*4. The greatest number of days in any one 
year on which lightning was observed was 40 in 1863, and the least 19 in 
1862. 


XI. Gales and Hurricanes. 

Mauritius, as is well known, is subject to hurricanes. The hurricane 
months are December to April inclusive, but more especially January, Feb- 
ruary, and March, particularly February. Strong gales occur also in June, 
July, and August. I will present a few of the leading facts connected with 
the gales and hurricanes which took place during the period under review. 

1860. — Four gales occurred in 1860. The fost took place between the 
11th and 17th of January. The barometer fell to 29*680 inches. The wind 
veered from S.E. to S., S.W., and W., and attained a maximum pressure 
of 10 lbs. on the square foot. The rainfall was 7 inches. This Was a 
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^eat revolving storm, the centre of which passed on the east side of the 
island, at a nearest distance of 129 miles. 

Another gale took place between the 22nd and 27th of February. The ha- 
Tometer feU to 29*660. On this occasion the 'svind veered from S.E. to E., 
"N,, and N.'W’,, and had a maximum force of 9 lbs. The rainfall was 7*455 
inches. This was another revolving storm, which, as shown by the veering 
of the wind, passed the island on its north and west sides, The nearest 
distance of the centre was 220 miles. 

The next gale occurred between the 18th and 27th of March. The lowest 
reading of the barometer was 29*464. The wind veered from S.E. to S., 
S.W., W., and N.W., and exerted a maximum force of 13 lbs. on the square 
foot. The rainfall was 4*075 inches. This was another revolving storm, 
which, like the first, passed on the east and south sides of the island. The 
nearest distance of the centre was 170 miles. 

A fourth gale took place on the 21st of J une, with the barometer standing 
at 30*252 to 30*314. The wind was from south to S.S.E., and blew with a 
maximum force of 18 lbs. There was no rain. This was not a revolving 
storm, but one of the winter gales, in which the wind veers very little, and 
which are apparently the immediate effect of the trade-wind being put in 
violent motion by the same causes that produce the S.W. monsoon of the 
Eay of Bengal, which the 8.E. trade-wind supplies with air. 

1861. — In February 1861 a hurricane occurred which lasted six days, 
namely, from the 11th to the 17th. It was a revolving one. For three 
days it remained nearly stationary, its centre bearing about 110 miles N.N.E. 
of the Observatory. The wind blew in fearful gusts, attended with torrents 
of rain, from S.S.E. to E.S.E., for five days, and then veered to E., N.E., 
N.W., and W. The barometer fell to 29*009 on the morning of the 16th, 
the centre of the storm at that time bearing N.W. 50 miles, which was its 
nearest distance. In the night of the 13th, the vane of Osier’s anemometer 
was blown away, the pressure being then about 30 lbs. ; the greatest pres- 
sure afterwards cannot have been less than 40 lbs. From 9| a.m. on the 
11th to 9| A.M. on the 17th, 44*730 inches of rain fell at the Observatory, 
and at Yacoas, 13 miles to the southward, at an elevation of 1200 feet, 99 
inches fell in the same time. The centre of the storm passed between 
Mauritius and the neighbouring island of Ee'union. 

Another severe hurricane took place from the 7th to the 10th of February, 
in the space between 10° and 20° S. and 76° and 84° E. ; so that two hurri- 
canes raged at the same time. 

A third severe hurricane, but of much shorter duration, took place on the 
2nd and 3rd of March. The wind veered from S.E. to S., S.W., and W., 
and blew with a maximum force of about 36 lbs. The barometer fell to 
29*282, the centre of the storm, which was a rotatory one, being then 140 
miles E.8.E. of the Observatory. This hurricane passed on the east side of 
the island. 

1862, — ^This was comparatively a tranquil year at Mauritius, only two gales 
having occurred, neither of which was violent. The first took place on the 
26th of February. The wind was from S.S.E. to E., and attained a maximum 
force of 12*50 lbs. The barometer fell to 29*888. The weather at Port 
Louis, except on the 26th, when it was overcast and showery, was fine ; but 
away to the north-eastward, between 8° to 16° S. and 60° to 110° E., the 
S.E. trade-wind and N.W. monsoon were in stormy collision, and two severe 
hurricanes were encountered in that locality, both raging on the same days. 

The next gale in the course of this year was experienced on the 1st and 
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2nd of December. The wind veered from S.E. to 8., S.W., and W., and 
its maximum force was 9*50 lbs. The rainfall was only 0*430 inch. The 
barometer fell to 29*666. This was a small revolving storm, which passed 
on the east side of the island. Its nearest distance was 150 miles. 

1863. — Several hurricanes occurred in 1863. The first took place on the 
13th of January. The wind veered from E. b. S. to N.E., N., N.W., W., 
and W.8.W., and its maximum force was 17 lbs. The rainfall, from 9| a.m. 
on the 11th to 9^ a.m. on the 14th, was 7*225 inches. This was a rotatory 
storm, which came down from the north-westward, and the centre of which 
passed over the S.W. extremity of the island. The barometer fell to 29*332. 

A second gale took place between the 31st of January and the 4th of Eeb- 
ruary. The wind veered from E.S.E. to N.E., N., and N'.W., and attained a 
force of 12 lbs. The barometer fell to 29*700. The rainfall was 1*681 inch. 
This was another revolving storm, which passed about 50 miles west of Ee- 
union, and caused great loss in that island. 

A third revolving storm passed on the northward and north-westward of 
the island between the 9th and 13th of February. Its nearest distance was 
200 miles. The barometer at the Observatory feU to 29*816. The wind 
veered from S.E. to E. and N.E., and attained a force of 14 lbs. The rain- 
fall was 3*192 inches. 

Between the 18th and 22nd of February a fourth rotatory storm of great 
violence passed on the north and west of the island, the wind veering from 
S.E. to E. and N.iN'.E., and attaining a maximum force of 36 lbs. The 
nearest distance of the centre was 50 miles. The barometer fell to 29*438. 
The rainfall was 2*430 inches. 

1864. — The year 1864 was remarkable for an absence of hurricanes. The 
strongest gale took place on the 2nd of July, with the barometer at 30*209. 
The wind blew from S.E. to E., with a maximum force of 8*7 lbs. Scarcely 
any rain fell. 

1865. — ^This year was also characterised by an absence of hurricanes. 
One or two gales, however, occurred in February. On the 12th of that 
month the wind, which had been previously veering from S.E. to E., sud- 
denly increased from N.E. by E., and attained a force of 7*5 lbs. at 3*15 p.m., 
and then died away to light airs till midnight, when it increased to a force of 
3 lbs. from IS'.W. When the wind came round to N. and l^r.W., the moun- 
tains became speedily enveloped in dense masses of vapour down to their 
bases, and between 7 and 9 p.m., during a thunder-storm, rain fell in torrents. 
The streams rose rapidly ; bridges and causeways were swept away, stores 
inundated, and several lives lost. The rainfall at Port Louis in 24 hours was 
7*460 inches, the greater portion of which fell between 6 and 9 p.m. ; but at 
La Gaite it was 18*307 inches, and at Croft-an-Eigh 14*65 inches. The baro- 
meter fell to 29*507. There was no revolving storm in the neighbourhood of 
the island on this occasion ; but the N.W. monsoon advanced to the south- 
ward, and heavy rains, accompanied with strong winds, thunder, and light- 
ning, fell in the localities where it came into collision with the S.E. trade- 
wind. 

The strongest gale during this year took place between the 19th and 22nd 
of February. The wind remained at S.S.E. to E.S.E., and its maximum force 
was 13*& lb&. The rainfall was only 0*665 inch. The barometer fell to 
29*730. On this occasion two or three revolving storms occurred at some 
distance to the northward and north-eastward of the island, between the 
confines of the N.W. monsoon and S.E. trade-wind. 
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the 13th and 20th of April. The wind remained at S.E. to E.8.E, and E. 
throughout, and in the gusts blew with a force varying from 1 to 13*5 lbs on 
the Sijuare foot. The barometer ranged from 30*174 to 29*944, and oscillated 
during the gusts. Yeiy little rain fell. On the 21st the wind veered to the 
north of east and fell light. It was afterwards ascertained that several re- 
volving storms occurred from the Gth to the 25th of April, between the inner 
borders of the monsoon and trade-wdnd, away to the northward and north- 
eastward of Mauritius. 

This is not the time to enter into a discussion regarding the nature and 
origin of these storms ; I will only remark that, by watching the barometer, 
the wind, and the clouds, their existence and approach may be known with 
certainty, even when the distance is very considerable. 

XII. (Synopsis of Eesults. 

With a view of facilitating a comparison of the results, I have prepared 
a few Tables in which the diurnal, monthly, and annual means of the prin- 
cipal elements are placed side by side. 

Diurnal Variation , — Table XXXVII. exhibits the means for each observa- 
tion hour of the six-hourly series, derived from seven years’ observation ; 
and Table XXXVIII. those for each hour of the day, derived from term-day 
observations taken for four years. As already remarked, the diurnal march 
of the temperature, vapour-pressure, force of wind, and amount of cloud are 
all more or less accordant, being in the same sense, and having the turning- 
points nearly at the same hours. The diurnal march of the humidity is in a 
contrary sense, but the turning-points are nearly coincident with those of 
the temperature. With regard to the total atmospheric pressure, and the 
pressure of the dry air, they have a double progression, with four turning- 
points. 

Annual Variation , — Table XXXIX. exhibits the monthly means. The 
temperature in the shade and in the sun’s rays decreases from January to 
July, and then increases from July to January. The atmospheric pressure 
increases from February to August, and then decreases from August to Feb- 
ruary ; and the march of the dry pressure is similar. The vapour-pressure 
has a progression in direct agreement with that of the temperature, showing, 
however, a tendency to a second maximum in August. With respect to the hu- 
midity, we see that it has a double progression, with two maxima in February 
and August, and two minima in June and Xovembor. The mean monthly 
force of the wind also has, upon the whole, a double progression, having 
two maxima in February and June, and two minima in April and November. 
The rainfall, too, has a double progression, with two maxima in February 
and August, and two minima in Juno and September. The amount of cloud 
has a maximum in February and a minimum in June, with a tendency to a 
second maximum in August. A similar remark applies to the frequency of 
lightning. 

Table XL. gives the means of the extreme monthly range of the principal 
elements. The temperature and humidity are, on the whole, subject to greater 
fluctuations in the summer than in the winter months, and the greatest fluc- 
tuations of the vapour-pressure take place from January to June inclusive. 
A comparison of the oscillations of the total atmospheric pressure and va- 
pour-pressure will show the important part played by the latter. 

Secular Variation , — Table XLI. exhibits the extreme annual range, and 
Table XLII, the annual means of the several elements for each year. 
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As might be expected of an island exposed to the bracing S.E. trade- 
wind, having a mean annual temperature of 67° to 77° (the temperature in 
the interior is from 4° to 10° lower than at Port Louis), and a mean humi- 
dity of 71, clothed with vegetation, and subject to so small variations of 
temperature and humidity, Mauritius possesses one of the best tropical cli- 
mates in the world. At one time it was a sanatorium for invalids from 
India in search of health; and if, of late, it has been the scene of dread- 
ful mortality, this is not to bo ascribed to an unbountiful Nature, but, there 
is reason to fear, to a neglect and violation of her laws. 

I mentioned at the outset that the site of the Observatory was objection- 
able. In conclusion I beg to state, that a new Observatory is about to be 
erected in a more favourable locality. The old Observatory and grounds 
have been sold for £10,000, and the local government have voted a portion 
of that sum for the erection of a new Observatory, which is to be supplied 
with self-recording meteorological and magnetical instruments. Plans of 
the buildings have been prepared at the request of the Secretary of State 
for the Colonies; {ind although Mauritius has lately been sorely tried, 
it is expected that the buildings will soon be commenced. * The Governor, 
8ir Henry Barkly, who has done so much for science in other colonies, 
is a warm promoter of the measure, and His Excellency’s influential endea- 
vours are seconded by the principal Government officials and the leading 
planters and merchants. Nor can I close this communication without making 
mention with becoming respect of the efforts and recommendations of Gene- 
ral Sabine, who, for a number of years, has lost no opportunity of urging the 
importance of Mauritius as a meteorological and magnetical station, and is 
stiU pleased to take much interest in the subject. 


Table I. — Showing the Mean Temperature of the Air for each Observation 
Hour, derived from Six-hourly Observations taken daily from 1860 to 
1866, both inclusive. 


Months. 

A.M. 

A.M. 

3 ^ P.M. 

9 ^ P.M. 

Monthly 

means. 

(4-) above 
(— ) below 
mean for year. 


0 

0 

0 

0 

0 

0 

January 

8o*oi 

82-23 

83-67 

80-97 

81*72 

4.4-61 

February 

79-«7 

8i-6i 

82*98 

80-58 

81*26 

+ 4 -I 5 

March 

79-11 

8 1*00 

82-51 

79*93 

80*64 

+3-53 

April 

78-21 

80*38 

81-77 

79*07 

79-86 

+ 1-75 

May 

74-84 

77*05 

78-30 

75'®3 

76-45 

—0*66 

June 

72-31 

73*70 

7 S '37 

72-65 

73-46 

-3-65 

July 

7071 

72-14 

73-64 

71*30 

71-95 

-5-i6 

August 

i 70-81 

72-50 ' 

73 ' 9 S 

71*57 

72*21 

-4*90 

September 

I 7173 

73*64 

75-16 

72*37 

73*12 

- 3*99 

October 

73’48 

75*85 

77-07 

74*50 

75-22 

■—1-89 

November 

76-56 

79-47 

80-74 

77*7 ^ 

78-62 

+1-51 

December 

7*’95 

81-53 

82-64 

80*04 

1 ^0-79 

+ 3 - 6 * 

Mean for each hour 

75-50 

77*59 

78-99 

76-36 

1 77*11 


(+) above ( — ) below mean... 

-1-61 

4-0*48 






k2 




Table II.— Showing the Mean Temperature of the Air at each Hour of the Bay, derived from Hourly Observations taken 

on the 21st of each Month, from 1863 to 1866, both inclusive. 
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Table III. — Showing the Greatest Eange of Temperature on any one Pay 
in each Month, from 1862 to 1866, both inclusive. 


Months. 

1862. 

1863. 

1864. 

1865. 

1866, 

Monthly 

means. 


o 

0 

0 

0 

0 

0 

January 

9*3 

10*4 

9'^ 

12*4 

11*0 

10*4 

February 

8-1 

7*2 

11*1 

11*0 

12*0 

9*9 

March 

7*0 

8-3 

1 1*2 

9*0 

13*0 

9*7 

April 

9*5 

9-8 

9*2 

lO-O 

11*0 

9*9 

May 

III 

8-8 

12*7 

10*9 

9*5 

10*6 

June 

1 II-3 

7*8 

9*4 

7*0 

8*4 

8*8 

July 

8*7 

11*3 

10*0 

7*1 

7*3 

8*9 

August 

! 7*3 

9*4 

9*6 

7*6 

11*3 

9*0 

September 

6*9 

lO'O 

9-8 

10*5 

11*0 

9*6 

October 

6-4 

8-4 

9*5 

10*0 

9*5 

8*7 

November 

6-4 

10*6 

I 12*1 

10*0 

10*9 

lo-o 

December 

8-9 

12*5 

12*0 

9*3 

11*2 

10*8 

Yearly means 

8 41 

9*54 1 

10*47 

9*56 1 

10*50 

969 


Table IV. — Showing the Least Range of Temperature on any one Day in 
each Month, from 1862 to 1866, both inclusive. 


Months. 

1862. 

1863. 

1864. 

1865. 

1866. 

Monthly 

means. 


0 

0 

0 

0 

0 

0 

January 

4-6 

3*0 

5*1 

mm 

mm 

mSm 

February 

5*0 

3*3 

3*4 

K 9 


BjS 

March 

4-8 

3*4 

4*4 



■^1 

April 

5*7 

3*2 

3-0 

4*0 

3*1 

3-8 

May 

3*9 

4*6 

3*0 

3*6 

1*5 

3*3 

June 

3-8 

3*9 

4*5 

■SI 

■SI 


July 

2*1 

3*1 

3-0 

mSm 

mm 


August 

2*1 

4*2 

4*5 


■El 

BEfl 

September 

0*7 

3*5 

5*0 

3-8 

4*1 

3*4 

October 

2*1 

5*5 

5*1 

3*9 

2*2 

3*6 

November 

3*9 

5*8 

5*0 

3 '9 

6*0 

4*9 

December 

4*0 

3*3 

5*0 

3*0 

5*4 

4*1 

Yearly means 

3'56 

3-65 

4*2^5 

3*90 

3*70 

3'8J 
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Taree V. — Showing the Mean Diumal Range of Temperature for each Month 
and Tear, from 1862 to 1866, both inclusive. 


Months. 

18C2. 

1863. 

1864. 

1865. 

1866. 

Monthly 

means. 


o 

O 

o 

0 

0 

0 

January 

6-5 

6*0 

7*5 

8-1 

7*2 

71 

February 

6-9 

5*3 

7*1 

7*4 

8-5 

7*0 

March 

6*2 

5*7 

7*3 

6*3 

8-0 

6*7 

April 

7*4 

6*8 

6*5 

6*9 

6*9 

6*9 

May 

7-2 

6-6 

8*0 

7*0 

5-6 

6*9 

June 

6*9 

5*7 

6-8 1 

5*5 

5*3 I 

6 ‘o 

July 

5*0 

6*3 

6*4 

5-8 

5*3 ' 

5*8 

August 

4*3 

6-6 

6-4 

5*9 1 

5'8 

5*8 

September 

4*7 

6*9 

7-1 

7*2 

6*5 

6*5 

October 

4*8 

7-2 

7-2 

6*7 1 

5*9 

6*4 

November 

4*9 

8-2 

8-7 

7‘9 ! 

8*9 

7*7 

December 

6*5 

7*7 

7-8 

6*6 , 

87 

7*5 

Yearly moans 

5*94 

6 * 6 o 

7*23 

678 

6*00 

6*69 


Table YI. — Showing the Mean Temperature of the Air for each Month and 
Year, from 1860 to 1866, botli inclusive. 


Months. 

1860. 

1861. 

1862. 

1863. 

1864. 

1805. 

1806. 

Monthly 

means. 

Deviation 
from moan 
for year. 

January... 

0 

8 1 *22 

82*85 

0 

81*42 

0 

82*32 

0 

81-37 

0 

00 

80*62 

0 

81*72 

+4*61 

February.. 

80-90 

80*10 

8 i*I 2 

81-55 

81*02 

82*17 

81-97 

81*26 

+4-15 

March..,,., 

8 o*02 

7975 

79*92 

81*48 

8 o *47 

80-87 

81-95 

80*64 

+ 3'53 

April 

78-77 

79-27 

79*92 

80-55 

79*17 

80*50 

80*82 

79-86 

•+-275 

May 

76*62 

76*70 

75*97 

77-82 

75*07 

76*70 

76*30 

76-45 

-0*66 

June 

73*00 

73*05 

74*35 

74*00 

73 'i 5 

72-85 

73*82 

73'46 

-3-65 

July 

72*77 

71*87 

72*95 

71*11 

71-42 

71*75 

71*80 j 

71-95 

-5-16 

August 

73*15 

71*30 

73*85 

1 72*05 

7 i '35 

71-87 

71*85 

72*20 

-4-91 

September. 

74*07 

72*70 

74*72 

73*05 

72-52 

72*82 

71*95 

73*12 

-3-99 

October ... 

75*25 

75 ' 6 S 

76-35 

74*42 

76-07 

75*25 

73*60 

75*22 

— 1*89 

November. 

79*27 

78-30 

79*15 

76*75 

78'57 

78-85 

79*45 

78*62 j 

+ 1*51 

December.. 

8 1 *02 

81*25 

82*32 

79*62 

80-47 

79*32 

81*52 

80 79 

-f3*68 

Yearly 1 
means. J 

77*17 

76*90 

77-67 

1 

77*10 

76-72 

77*10 

77*14 

77-11 
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Table VII. — Showing the Mean Temperature of the Air for each Month and 
Year, obtained from Daily Observations of the Maximum and Minimum 
Thermometers, from 1860 to 1866, both inclusive. 


Months. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Monthly 

means. 

Deviation 

from 

moan. 


o 

0 

0 

0 

0 

0 

0 

0 

0 

January . . . 

8i-20 

82*30 

82-55 

83*20 

82-45 

82*85 

8 1 *60 

82*30 

+4-50 

February ... 

82*10 

8o‘io 

82-45 

82-35 

81-95 

83*20 

82-75 

82*16 

+4*31 

March 

80*90 

79*90 

81*20 

82*25 

81*65 

81*85 

83*00 

*1-53 

■+■3-73 

^ril 

79*90 

79*35 

8o*8o 

81*20 

80*15 

81-45 

81-55 

80*63 

+ 3*83 

May 

77*70 

76-65 

77*20 

78-70 

75*70 

77-50 

76*40 

77-12 

-0*68 

Juno 

74*45 

73-10 

74*15 

74-85 

73*90 

73-65 

73*95 

74-00 

-3*8o 

July 

73*40 

72*40 

73*20 

71-18 

72*10 

72*60 

72*05 

72-52 

—5-28 

August 

74*35 

71*70 

73*75 

73*00 

72*20 

72*75 

72*10 

72-83 

-4-97 

September 

75*55 

73*10 

74*75 

74*05 

73*35 

73*60 

72*05 

74-16 

-3-64 

October .... 

76*30 

75*50 

76*50 

75*40 

76*90 

76-25 

7365 

75-78 

— 2*02 

November . . 

80*00 

78*65 

79*35 

77*60 

79*35 

79*65 

79*95 

79-22 

+ 1-42 

December... 

81*05 

81*25 

82*95 

80-45 

8 1 *60 

80*30 

82*45 

81-44 

+ 3*64 

Yearly means 

77-80 

77*00 

78-23 

77*93 

77-61 

77*97 

77-62 

77-80 



Table YIII. — Showing the Mean Monthly Maximum Temperature in the 
Sun’s Bays, obtained from Daily Observations of the Black Bulb Thermo- 
meter (in vacua), from 1860 to 1866, both inclusive. 


Months. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Monthly 

means. 


0 

0 

0 

0 

0 

0 

0 

0 

January 

119*1 

ii 8'5 

1 ^ 7*5 

116*5 

116*8 

117*9 

1 17*0 

117*6 

February 

I i6*9 

112*4 

ii 6*4 

113*2 

115-3 

115*0 

iiki 

115*3 

March 

1 19*1 

1 15*0 

1 14*6 

114*3 

114*5 

115*2 

117*4 

IIS 7 

April 

1 15*6 

iH -3 

114*3 

112*9 

1 10*9 

1 12*1 

II 1*6 

1131 

May 

108*3 

104*5 

105*9 

Io 8*2 

103*6 

Io6*2 

Io 6*2 

106*1 

June 

105*0 

102*9 

103*4 

102*5 

101*4 

102*3 

102*2 

102*8 

July 

103*0 

101*8 

102*7 

100*0 

99-8 

100*9 

100*6 

101*2 

August 

108*1 

103*3 

103*1 

104-2 

103-3 

102*9 

102*9 

104*0 

September 

111*3 

106-9 

109*3 

io6*6 

106*2 

105*9 

104*9 

10^3 

October 

113*8 

112*8 

112*4 

111*2 

112*2 

iii *5 

1 12*0 

112*3 

November 

118*2 

115*5 

114*3 

113*5 

114*6 

1160 

T 12*8 

115*0 

December 

117*1 

117-3 

ji 6*5 

115*5 

116*0 

113*2 

115*3 

115*8 

Yearly means | 

112*9 

110*4 

110*9 

109*9 

109-5 

109*9 

110*1 

110*5 
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Table IX. — Showing the Maximum and Minimum Temperature, and the 
Extreme Eange of Temperature in each Month, from 1860 to 1866, 
both inclusive. 


Months. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Monthly 

means. 



o 

0 

0 

0 

0 

0 

0 

0 


r Maximum 

88*1 

88*0 

88*0 

880 

87*5 

89*0 

88*0 

88*07 

January 

\ Minimum 

73*0 

76-5 

76*9 

75*0 

77*8 

75-6 

74*0 

75*54 


1 Eange ... 

15*3 

11*5 

11*1 

13*0 

9*7 

13*4 

14*0 

12*55 


r Maximum 

Sj‘o 

87-5 

87*0 

86*9 

88*0 

90*0 

88*2 

87*80 

February 

Minimum 

75*0 

72*0 

76-9 

77*1 

75-6 

75*5 

76*0 

75*44 


Eange ... 

12‘0 

15*5 

10*1 

98 

12*4 

^ 4*5 

12*2 

12*36 


f Maximum 

85-0 

85-8 

87*5 

87-5 

87*1 

88*0 

88*6 

87*07 

March ... 

Minimum 

73*0 

75 0 

75*0 

77*2 

74*1 

76 5 

75-0 

75*24 


[Eange ... 

12 0 

10*8 

11*6 

10*3 

13*0 

II 5 

13*6 

11*83 


^ Maximum 

00 

o^ 

6 

855 

87 0 

869 

86*9 

88-0 

89*0 

S7-04 

April 

Minimum 

71*5 

74*0 

74*9 

75*4 

73*9 

76*0 

74*0 

74*24 


Eange ... 

14*5 

11*5 

12*1 

11*5 

13*0 

12*0 

15*0 

12*80 


' Maximum 

82*0 

82*2 

86-1 

00 

82*1 

00 

0* 

84*0 

83-83 

May 

Minimum 

70*0 

72*0 

70*8 

71-4 

66*8 

71 9 

69*2 

70*30 


Eange . . . 

I2‘0 

10*2 

15*3 

14*0 

15*3 

I 3 'I 

14*8 

13*53 


Maximum 

79*0 

79-8 

8o*2 

81*4 

8i*2 

79*5 

79*0 

8o*oi 

June 

Minimum 

66‘5 

67*2 

680 

70*0 

66*4 

67*8 

65*5 

67‘34 


Eange . 

12*5 

12*6 

12*2 

11*4 

14*8 

11*7 

13*5 

12*67 


Maximum 

79*0 

76*0 

79'5 

78*2 

78*4 

77*0 

78-4 

78-07 

July j 

Minimum 

68-5 

68-2 

682 

659 

66*5 

67*6 

66*1 

67*29 


Eange . . 

10-5 

. 7-8 

11*3 

12*3 

11*9 

9*4 

12*3 

10*78 

1 

' Maximum 

79-0 

76*0 

78-3 

79*5 

79*0 

78*0 

78*0 

78*25 

August . . . ^ 

Minimum 

68'o 

67*8 

690 

66*6 

66*0 

68*0 

62*8 

66*89 

1 

Eange . . . 

II'O 

82 

9-8 

12*9 

13-0 

10*0 

15*2 

11*36 

( 

' Maximum 

80-5 

78*9 

79*0 

79 5 

8o*o 

8o*o 

78*5 

79*49 

September < 

Minimum 

69 0 

67*0 

70 0 

68*0 

67*2 

68*0 

64*6 

67*69 

1 

Eange . . . 

11-5 

11*9 

9*0 

11*5 

12*8 

12*0 

13*9 

ii*8o 

( 

■ Maximum 

82-0 

81*0 

8 0*4 

8i'o 

83’4 

81*5 

8o*o 

81*29 

October... < 

Minimum 

67-5 

70*5 

74*0 

69-9 

71*0 

69*0 

68*4 

69-93 

1 

Eange ,. 

14*5 

10*5 

6-4 

ii*i 

12*4 

12*5 

11*6 

11*36 

( 

' Maximum 

86-0 

83*5 

85-0 

85*2 

88*0 

86*0 

86*9 

85*80 

November s 

Minimum 

73*5 

73*0 

73'6 

71*9 

70*0 

73-6 

73*4 

72*71 

1 

Eange ... 

12*5 

10*5 

ji -4 

13 3 

i8’o 

12*4 

13*5 

13*09 

f 

’ Maximum 

87*0 

86*5 

89-4 

87'3 

89*0 

87*0 

89*6 

87*97 

December < 

Minimum 

74'5 

76*0 

75'4 

71*9 

74*0 

74*0 

75*2 

74*43 

1 

Eange ... 

12*5 

10*5 

14*0 

15*4 

15*0 

13*0 

14*4 

13-54 

V V 1 

Maximum 

83*38 

82*56 

8396 

83-90 

84*22 

84*09 

84*01 

8374 

JL. vCI'J- 1 V J 

means. | 

Minimum 

70*82 

71-67 

72-73 

71-69 

70*78 

71-96 

70*35 

7>-43 


Eange . . 

12*56 

10*89 

11*23 

12*21 

13*44 

12-13 

13*66 

12*30 
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Table X. — Showing the Highest and Lowest Headings of the Self-registering 
Thermometers, the Dates of occurrence, and the Eange in each Year. 


Years 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Means. 



o 

0 

0 

0 

0 

0 

0 

0 

Maximum ... 

88-1 

88 0 

89-4 

88*0 

89*0 

90*0 

89*0 

8877 

Date 1 

31st 

i4tli 

2761 

23 rd 

2nd 

4th 

ist 

23rd 

Jan. 

Jan. 

Dec. 

Jan. 

Doc. 

Feb. 

April. 

Jan. 

Minimum ... 

66’5 

67 0 i 

68*0 

65-9 

66*0 

67*6 

62*8 

66*25 

Date 1 

22nd 

nth 

24th 

8th 

2nd 

loth 

29 th 

24th 

June. 

Sopt. 

Juno. 

July. 

Aug. 

July. 

Aug. 

July. 

Range 

21*6 

21‘0 

21*4 

22*1 

23*0 

22’4 

26*2 

22*52 


Table XI. — Showing the Mean Yapour-prcssure for each Observation Hour, 
obtained from Six-hourly Observations taken daily during seven years 
( 1860 - 66 ). 


Months. 

3 ^ A.M. 

0 ^ A.M. 

3 ^ P.M. 

9.1 P.M. 

Monthly 

means. 

Deviation 
from mean. 

January 

•749 

764 

767 

•758 

*759 

-fioy 

February 

756 

•772 

*773 

•766 

767 

+•115 

March 

•736 

■749 

•752 

•738 

*744 

+•092 

April 

•706 

*715 

•719 

‘713 

•713 

4* *06 1 

May 

•630 

•639 

*639 

•635 

•636 

— •016 

June 

•564 

'575 

•580 

•570 

•572 

1 

d 

00 

0 

July 

*547 

*555 

•551 

•546 

*550 

— •102 

August 

*555 

•562 

•565 

•564 

•561 

— •091 

September 

•553 

•557 

•562 

•560 

•558 

-•094 

October 1 

•591 

•595 

•599 

*597 

*595 

“•057 

November 

•649 

•654 

•659 

•655 1 

*654 

— '002 

December 

•714 

716 

725 

•723 

•719 

4. *067 

Means 

•646 

•654 

•658 

•652 

•652 


Deviation from mean.. 

— •006 

+ *002 

4-'oo6 

*000 







Tabie xn.— Showing the Mean Vaponr-pressTire for each Hour of the Day, from the Term-day Observations ( 1863 - 66 ). 


190 


AEEOST — 1867. 


|i 

ZIO 

tio 

OIO 

900 

Soo 

900 

too 

£00 

100 

100 

zoo 

100 

100 

100 

600 

no 

no 

6oo 

OIO. 

600 

£00 

Loo. 

zoo. 

Loo. 




1 1 + + -f- + + -l- + -)- 1 + 1 1 1 1 1 1 M 1 1 1 1 



d 

®0 to H 0 rl- *0 ^VO 'O Tf- N *-< 0 > 0 On m cn 

p* r<NTt-N4-^rJ*'^rl-rJ-N:J*mrotomrorotocOpt cop? pl pi pi 

vo 



cn 



VO VO VO VO VO VO VO VO VO VO VO vo VO VO VQ VO VO VO VO VO VO VO VO VO 

NO 



po •-* ONOO POO 0 ONt^^o 0 t--oc vo 00 00 ON On 0 P>-vo -ti- 

On 



m POpi m pnpi ^p«NC<NPi I-I POpiOO ONOO 00 OnOO 00 00 p^ p^oo 

0 


Q 

p^p^t^p^p^S-S.t^p^p^r'-t^i'^vovovoNOvovovovovovDvo 

»>. 

0 




+ 


0 vo pi vo vo 00 0 P^vo P-- vr«00 pi 0 p*^ pi >-OVO On 0 0 pi ON 

vo 

0 


^ po vo i'^ vo po po rn to '•*- rj- tJ- vo vo vo ■«-J- to po pj 

"vl* 



VO vo vo vo Ni 3 NO vo vo vO vo vo vo NO vC> vo vo vo vo VO vO VO VO VO VO 

NO 

0 

+ 


On VO OnOOO tJ-VO O ONT+>pivO Pi pi m copotJ-pI rj-popi Lopi 

0 

to 


«*d- -i;f- vo P-«,00 t-- ONOO ON vo vo VOVO VOO r^OOOOOOOO P^ i~^oo 


NO 

O 

vr)W-)Vr)vr>vrNvow-ivovovrNvovovovovovovovr>vo*.OVovovr>vo 

VO 

0 

'1 


1 

Onvo vo ri- P^ p*n 0 P^ Pi Pi vo On po vo t — covo pi On po tJ- P^ '*i' 

00 

t*. 


pipipopopipopiporj-popipipipipipopopopjpipii-i op> 

Pi 

0 


VOVOVOVOVOVOVOVOVOVOVO».OWOVOVOVOVOVOVOVOVOVO'OVO 

vo 

1 

bb 

00 '^OvO 0 'tf-POP^ON ^vo pi^i-i ri'VO pi 0 »-( pi On pi On^ 




vo vo Thvo t^vo vo vo voNO vo vovo vo vovonhPOtl-Tj-'^M po 

VO 

00 

< 

VOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVO 



vo 

0 

'1 


Pi OvONCi t>.^pi ONt>.COPi N;hONONVr>VOpi r^HtOO M 0 Pi nJ* 

vo 

0 

f-H 

piwpipOMpipit-ii~tt-i»Hoc?NO»-tooaN*-i^pipjpiO 


Pi 


vovovovovovovi'-jvovovovo vo ^VOVOVOVOn^vovovo'OVOVO 

vo 





’1 

c 5 

rO|>.«tJ-POPOt^i^ POVOp^OO POPOhmOO (iVO 0 ^VOtj-VO 

Pi 

to 


PO PO vo VOVO rj- rh vovo vo rj- vo 10 vo vovo vo 'V(* uivt «0 nt.- ntp 


00 

hu 

t/iVOVOV/iv^VOVriVOVOVOVOVOWOVOlWNvOVOVOVOVOVOVOVOVO 

*0 

0 

*1 


lOM VOt-« VO»-l ONVOpiVOOO tJ-vo povo 0 •-< to rj- ^ POVO 

PO 

Pi 


00O00O0***OO»-tOONOOOCrNO CTnOO P^ t-- P-. P^vo nO 

ON 

-<1- 


to vovo VO vo VO vo vo VO vO vovO VO VO vovO vo vo vo vo vo vo vo vo 

VO 

0 

’1 


nJ-VO On poC) 0 OOVO hHVO Pi POC?NrJ-M voti- POOO Pi vo vo CTn On On 

vo 

0 

'S 

VO Pv.vO <i-rl»vovovovovovovo t^oo p-»0O OO Pv. P'.vO vo vo vo vo 

vo 

CO 


VO vO VO vo NO vo vo vo NO vo vo vo vo vo vo vo vO vo vo vo vo vo vo vo 

NO 

0 



•+ 

*0 

ONOO ON N^-OO 0 vo to vovo HH*->voNj-piThOOOPiPiOO>-' 


vo 


CO PO pi Pi •si* VOVO fl- vo Pi po Pi PO PO PO Pi pi pi to ri *-• m pi 

f'O 

ON 




0 




+ 


p^OnOvo ei popieys m Ooovo rJ-O *000 topi ^t'-.-tj-T^-t^vo 

vo 

0 

'S 

©•■•POrocopiPopipipiOH-i^H QO C 5 nC 5 n 


C 90 


COOOOOOCOOOOOOOOOQCXJOOOOOOOOOCOOOOOCOOOOOOOO p-sl-^ 

00 

JO 




+ 


t"N. T** sj- w POVO ON«-i vjrjpi ON»t tot^voovvo pooo to -sj-vo 

vo 

0 

§ 

to tovo vo vo NO t>NVO OOVDVO»OTj-POpi piPH pit-tpi Pi piPOPO 

tt* 





*-• 




+ 









Hours 

a = = a r :: :t r = r: r :i t 

-< S ^ 

VO t^OO On 0 ^ *-• P» PO ttl- *OVO t'-oo OnO ►*! pi cotj-uo 

Means 

Deviation 
from mea 




ON tm if»fiii»oiK)aY of port louis. 


181 


Tabiis XIII.“Showmg the Mean Vapour-pressure for each Month and 
Tear, derived from Six-hourly Observations taken daily from 1860 to 
1866, both inclusive. 


Months. 

1860. 

1861. 

1802. 

1863. 

1864. 

1865. 

1866. 

Monthly 

means. 

Deviation 

from 

mean. 

January 

Pebruary ... 

March 

April 

May 

June 

July 

August 

September... 

October 

November . . . 
December . . 

773 

•792 

•769 

•698 

•662 

•585 

•605 

■628 

•625 

•627 

•649 

747 

770 

757 

725 

•708 

•663 

*559 

•540! 

•557! 

•536 

•613 

•687 

748 

774 

764 

■720 

■pi 

•640 

•563 

•585 

•587 

•584 

•595 

■689 

•722 

773 

773 

•767 

711 

•644 

•586 

•531 

•554 

•55^ 

‘579 

*627 

717 

•725 

739 

738 

•709 

•600 

‘567 

*547: 

•550 

•535 

•619 
*681^ 
•710 , 

754 

•790 

738 

*710 

•629 

*570 

*544 

*549 

•55^ 

*607 

•674 

•741 

749 

752 

*743 

725 

•621 

*573 

■498 

•508 

*507 

*531 

‘575 

•650 

•759 
•767 • 

•743 

‘ 7 J 3 

•637 

‘57* 

•550 

*562 

•596 

•655 

•7»9 

+‘107 
+ *115 
+•091 
+ •061 
-•015 
—•080 

— •102 

— •090 
-•094 
—’056 
+ •003 
■f*o67 

Yearly means 

•680 

•655 

‘663 

‘652 

•643 

*655 

•619 

•652 


Deviation ^ 
from mean J 

1 

+ -02g 

+ •003 

-f *011 

0*000 

—*009 

+•003 

-**033 




The above Table, as already remarked, indicates a gradual decrease of the 
vapour-pressure. This becomes more evident when wc take the means for 
consecutive periods of two years each. Thus : — 

Years. Vap.-pressure, 

1860 *680 1 

1861 *655 J ' ' 

1862 *663 I 

1863 ’652 1’" 

1864. ’6431 

1865 '655/ ■■■ 

The pressure for 1806 (’619) is so much lower than the greatest (‘680) 
that it is very probable the nioan pressure for 1866 and 1867 will be the 
least of all. 

It is possible that this diminution of vapour-pressure may be owing to 
the great extent to which the primeval forests have been cut down during 
the last twenty years. As the rains are evaporated and carried away sooner 
than they would be if protected from the sun’s rays, we may suppose that the 
moan annual amount of vapour in the air must be less than it was before 
the forests were cut down ; and that if this is the case at Port Louis, on the 
West coast, it must be still more so in the interior of the island, where the 
forests existed. 


MeanBi 

•667 

•657 

•649. 
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Tabu: XIV. — Skewing the Maximum and Minimum Vapour-pressure, and 
its Extreme Bange, for each Month, from 1860 to 1866, both inclusive. 


Months. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1866 . 

1866 . 

Monthly 

means. 


r Maximum 

•914 

•896 

•903 

*955 

•827 

•910 

•925 

•904 

January 

Minimum 

•657 

•659 

•638 

•659 

•638 

*617 

•607 

•639 


[Eange ... 

•257 

•237 

•265 

•296 

•189 

•293 

•318 

•265 


f Maximum 

•879 

•847 

•896 

•9^5 

•854 

•940 

•940 

•897 

February -- 

Minimum 

•707 

*620 

*643 

•715 

•597 

•628 

•617 

•647 


[ Range , . . 

•172 

•227 

*»53 

•210 

•257 

'312 

*35^3 

•250 


r Maximum 

•866 

•814 

•903 

•868 

•868 

•940 

•840 

•871 

March . . . i 

Minimum 

•594 

•626 

•519 

•648 

*578 

*597 

•648 

•601 


Range ... 

•272 

•188 

•384 

•220 

•290 

•343 

•192 

•270 


Maximum 

•872 

•847 

•847 

•854 

•840 

•827 

•854 

•849 

April 

Minimum 

•542 

•586 

•622 

•578 

•607 

•559 

*578 

•581 


Range ... 

•330 

•261 

•225 

•276 

•241 

•268 

•276 

•268 


Maximum 

*805 

•756 

*745 

•727 

•787 

•840 

•840 

•786 

May 

Minimum 

•503 

•571 

*460 

•578 

•450 

•481 

*515 

‘508 


^ Range ... 

•302 

•185 

•285 

•149 

•337 

*359 

* 3^5 

•277 


‘ Maximum 

•694 

•789 

•704 

•739 

•692 

*751 

•670 

•720 

June 

Minimum 

•443 

•463 

■450 

*473 

•450 

*437 

•450 

•452 


, Range ... 

•251 

•326 

•254 

•266 

•242 

*314 

•220 

•268 


’ Maximum 

•722 

•636 

•681 

•638 

•692 

•638 

•646 

•665 

July J 

Minimum 

*507 

*449 

•489 

•400 

•408 

1 *465 

•383 

•443 


^ Range ... 

•215 

•187 

•192 

•238 

•284 

*173 

•263 

•222 


’ Maximum 

•721 

•686 

•692 

■659 

•692 

*704 

*621 

*682 

August 

Minimum 

•505 

•474 

•464 

•461 

•408 

•435 

•382 

*447 


[Range ... 

*216 

•212 

•228 

•198 

•284 

•269 

•239 

*^35 

1 

'' Maximum 

•760 

•628 

•670 

•692 

•607 

•692 

•637 

•669 

September < 

Minimum 

•514 

•470 

•473 

'450 

*458 

•465 

•367 

*456 

1 

[Range ... 

•246 

•158 

•197 

•242 

•149 

•227 

*270 

•213 

1 

Maximum 

•752 

•776 

•715 

•727 

•727 

•727 

•648 

•724 

October... \ 

j Minimum 

•482 

•520 

•506 

•481 

*541 

•498 

•410 

•491 


[ Range ... 

*270 

•256 

•209 

*246 

•186 

•239 

•238 

•233 


r Maximum 

•783 

•827 

•827 

•751 

•827 

•854 

•598 

•781 

November ^ 

Minimum 

•542 

•513 

*541 

*541 

•550 

•578 

•533 

*542 


[Range ... 

•241 

•314 

•286 

•210 i 

•277 

•276 

•065 

*239 


r Maximum 

•859 

•868 

•840 

•827 

•814 

•868 

0 

00 

•840 

December - 

: Minimum 

•668 

•622 

•617 

*597 

•588 

•617 

•513 

•603 


[ Range .. 

•191 

•246 

•223 

•230 

•226 

•251 

•289 

*237 

"VpatIv 

" Maximum 

0 

00 

•781 

•785 

•780 

•769 

•807 

•752 

•782 

J- V 

means. 

Minimum 

*555 

•548 

•535 

•548 

*522 

•531 

•500 

*534 


Range ... 

•247 

•233 

*250 


•247 

•276 

•252 

•248 
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Table XV. — Showing the Greatest and Least Vapour-pressure, the Bates of 
occurrence, and the Eange in each Tear. 


Years 

1860 . 

1861. 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Means. 

Maximum ... 

•914 

•896 

*903 

•955 

•868 

•940 

•940 

•916 

Date 1 

29th 

Jan. 

31st 

Jan. 

27th 

Jan. 

19th 

Jan. 

6th 

March. 

19th 

Feb. 

2ist 

Feb. 

8 th 
Feb. 

Minimum ... 

■446 

*449 

•450 

•400 

•408 

*435 

■367 

'421 

Date 1 

20th 

June. 

i9tb 

June. 

15th 

June. 

20th 

July 

31st 

July. 

12th 

Aug. 

27 th 
Sept. 

2ist 

July 

Range 

•467 

*447 

‘453 

*555 

*460 

•505 

•573 

*494 


Table XVI. — Showing the Mean Humidity of the Air (complete saturation 
being 100) for each Observation Hour, obtained from Six-hourly Obser- 
vations taken daily during seven years (1860-1866). 


Months. 

3 i a.m. 

9^ A.xM. 

3 i P-M. 

9i P.M. 

Monthly 

means. 

Deviation 
from mean. 

January 

747 

71*2 

68*5 

73*5 

72*0 

+ ri 

February 

77*1 

74*3 

71*4 

76'o 

74'7 

+ 3*8 

March 

75*3 

72*3 

694 

73*9 

727 

+ r8 



74'5 

70*4 

68*1 

73*3 

71*6 

+07 

May 

73 6 

70-3 

677 

72 9 

71*0 

+ 0*1 

June 

72*3 

JO’l 

67-4 

717 

70-4 

- 0*5 

July 1 

72‘9 

jri 

66*5 

71-9 

70*6 

- 0*3 

August 

738 

70’9 

68-2 

73*4 

71*6 

+ 0*7 

September 

72-6 

677 

65-2 

71*3 

69*2 

- 1*7 

October 

72 6 

67*6 1 

65*0 

70'8 

69*0 

~r 9 

November 

71-9 

66’o 

64*1 

70*4 

681 

— 2*8 


73*6 

68-5 

66-3 

71-9 

70*1 

—0*8 

Monthly means... 

737 

70*0 

67-3 

72-6 

70*9 


Deviation from 1 







mean j 

-f 2.’8 

- 0-9 

- 3*6 

4-17 
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Table XVIII.--TShowing the Mean Humidity of the Air for each Month and 
Year, from 1860 to 1866, both inclusive. 


Months. 

1860 . 

1801 . 

1862 . 

1803 . 

1864 . 

1865 . 

1806 . 

Monthly 

means. 

Deviation 
from mean. 

January 

February 

March 

April 

May 

June 

July 

August 

September.... 

October 

November... 

December.... 

74 - 6 
77-0 

76-5 

72*6 

73.3 

71- 2 

75 - 6 

77 * 
757 

72- 3 
67-3 
72*2 

70*4 

76*2 

73 'i 

72-4 

73*5 

69-6 

69- 9 

73’4 

677 

70- 3 
727 
71*8 

74*5 

74*0 

727 

73*0 

727 

69*1 

73*5 

71-1 

69-5 

667 

70*6 

67*6 

71*6 

79*5 

73 *^ 

69-9 

68-6 

71*0 

69*1 

70*4 

69-6 

687 

69*0 

72*4 

693 

71*6 

72*8 

72*8 

70*0 

70*4 

71*9 

72*4 

68-0 

70*2 

70*2 

70 0 

70*2 

73*8 

71*7 

69*6 

69-2 

71*3 

70*8 

71*3 

70*1 

70*5 

7 O'l 

75‘9 

73*1 

70*6 

69-9 

707 

69-8 

698 

63-4 

647 

64*2 

63*8 

57*0 

6o*2 

71*9 

74*7 

72-8 

71*6 

7i'o 

70*3 

70*6 

71*6 

69*2 

68*9 

68-1 

7o‘o 

+ ro 
+ 3*8 
+ 1*9 
-fo 7 
+ 0-1 
— 0*6 
- 0*3 

+07 
-17 
— 2*0 
-2*8 
-07 

Yearly 1 
means, j 

73-6 

717 

71'2 

71*1 

70*8 

71*2 

66*4 

70*9 


Deviation 1 
from moan, j 

+ 27 

-fo‘8 

+0*3 

+ 0*2 

— O'l 

+ 0’3 

-- 4*5 




We have seen that Table XIII. indicates a decrease of vapour-pressure. 
Wo now see that Table XYIII. indicates a decrease; of humidity; in other 
words, an increasing dryncsa of the air. This decrease is perhaps more ap- 
parent when we take the means for periods of two years each. Thus : — 


Years. 

Humidity. 

i860 .. 

73'6 

1861 

7I7I 

1862 

7**2 

1863 .. 

7 I'I. 

1864 .. 

70*8 1 

1865 .. 



Means. 

72*6 

71-1 

71*0. 


The humidity for 1866 is so small as to render it almost certain that the 
mean for 1866 and 1867 will be the least of all. 

These results are interesting in connexion with the destruction of the fo- 
rests, and the diminishing sugar-crops. 

The year 1866 was remarkable not only for diminished humidity, but also 
for diminished vapour-pressure, diminished rainfall, absence of hurricanes, 
and a severe drought, which, after destroying a large portion of the young 
canes, was followed by a terrible fever, which has not yet disappeared. At 
the Observatory the 


Humidity was . 
Vapour-pressure 
Ilainfall 


664 (lOO-O). 
0*619 inch. 
20*56 inches. 
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Table XIX. — Showing the Maximum and Minimum Humidity, and the 
Extreme Eange of Humidity, for each Month, from 1860 to 1866, 
hoth inclusive. 


Months. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1866 . 

1866 . 

Monthly 

means. 


r Maximum 

94*1 

86*6 

88-8 

86-8* 

82-6 

86-6 

91*0 

88-1 

January 

\ Minimum 

55-4 

6i-8 

56*2 

58-9 

S6-i 

589 

53*4 

57*2 


[ Range . . 

387 

24*8 

32 6 

27-9 

267 

277 

37-6 

30*9 


' Maximum 

91*8 

95*3 

909 

867 

867 

90*9 

867 

89-8 

February 

Minimum 

6i’o 

57-6 

588 

647 

56*1 

S 3'6 

536 

57*9 


Range ... 

30*8 

377 

321 

22-0 

30*4 

37‘3 

33*1 

3^-9 


f Maximum 

87-5 

93-6 

88-8 

82-6 

867 

86-6 

827 

86*9 

March ... 

Minimum 

567 

58-9 

6o*3 

617 

S 5 '^ 

55*9 

56*2 

57*9 


[Range ... 

30*8 

34 7 

287 

20*9 

30*9 

307 

267 

29*0 


C Maximum 

87*8 

88-8 

787 

907 

867 

82-6 

82-4 

85-4 

April 

Minimum 

57*4 

57'4 

60*2 

55 -» 

58-8 

6r8 

5^*7 

58-6 


Range ... 

30*4 

31*4 

18-5 

34*9 

27-9 

20*8 

237 

26’8 


' Maximum 

85-4 

84-9 

82*4 

827 

867 

86’5 

867 

85*0 

May j 

Minimum 

58-1 

5 ri 

59*5 

58*6 

52*6 

55*3 

58*2 

57*1 


Range . . . 

27*3 

27*8 

22*9 

237 

34*1 

31‘2 

287 

27*9 


r Maximum 

87*8 

86-2 

82*4 

827 

867 

864 

82*4 

84*9 

June ' 

Minimum 

52*1 

53*9 

58*0 

58-2 

55*3 

6i-o 

58*0 

567 


^ Range . . . 

357 

32*3 

24-4 

24'! 

31*2 

25*4 

24*4 

28-2 


r Maximum 

93*9 

82*2 

8i-4 

82*4 

867 

^ 5*4 

78*0 

84-4 

July 1 

Minimum 

61-5 

58-2 

64*1 

58*0 

52-5 

52*7 

48*0 

564 


Range . . . 

32-4 

24*0 

187 

24*4 

34*0 

327 

30*0 

28-0 

( 

^ Maximum 

967 

865 

867 

78-4 

907 

907 

79-0 

869 

August ... s 

Minimum 

65*3 

59-6 

55 'b 

5 S '3 

55*1 

527 

52*6 

567 

1 

Range , . 

31*4 

26*9 

309 

23*1 

35 ’^ 

38-2 

26-4 

30*4 

f 

■ Maximum 

967 

8o'o 

78-4 

86'4 

81*0 

78-4 

79*0 

82-8 

September \ 

Minimum 

607 

56-4 

55'3 

58*2 

55*2 

58 1 

487 

56*0 

1 

Range ... 

35*6 

23*6 

23*1 

28’2 

25*8: 

207 

307 

26-8 


■ Maximum 

86-6 

86-9 

82*3 

86*4 

84-3 

82*4 

77*0 

837 

October... - 

Minimum 

Sro 

54*4 

55*6 

587 

58*2 

58*2 

54-6 

55 -X 


Range . . 

35*6 

3^*5 

267 

28*1 

26 I 

24*2 

22*4 

27-9 


■ Maximum 

817 

867 

8z-3 

827 

82-6 

82’4 

69’6 

8i‘o 

NoYember - 

Minimum 

56-6 

49 6 

S 3'3 

52-8 

55-8 

55*8 

52-1 

53*7 


Range . . . 

25-1 

36 9 

29*0 

297 

26-8 

26*6 

177 

277 

f 

' Maximum 

897 

* 5’3 

827 

82*6 

787 

907 

8rs 

84-4 

December \ 

Minimum 

58-1 

52*2 

536 

589 

56*0 

56*0 

54 'S 

55*6 

1 

Range ... 

31*6 

33*1 

289 

237 

227 

347 

27*0 

28*8 


' Maximum 

89*9 

8^'9 

83-9 

84-1 

84*9 

85*8 

817 

85*3 

AUwCvliD ivi. 1 

Minimum 

sr-s 

56-4 

57-6 

58'2 

55*6 

56*6 

54*0 

56-6 

years ... I 

Range ... 

Zri 

30'5 

a6*3 

25-9 

297 

29*2 

277 

287 
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Table XX. — Showing the Greatest and Least Humidity, the Dates of occur- 
rence, and Eange in each Year. 


Years 

1860 . 

1861 . 

1862 . 

1860 . 

1 1864 . ; 

1865 . 

1866 . 

Means. 


Maximum ... 

967 

95*3 

90*9 

907 

j 907 

90*9 

9i‘o 

92-31 

1 

Date 

2ISt 

Aug. j 

1 6th 
Feb. 

9th 

Feb. 

5tl. 

' April. 

i T2t]l 

Aug. 

12th 

Feb. 

4th 

Jan. 

8tli 

April. 

Minimum .. 

50*3 

46-3 

53 3 

52*8 ^ 

5^*5 

5^*5 

48*0 

50-81 

Date 

7th 

Oct. 

loth 

June. 

1761 

Nov. 

1st 

Nov 

iifh 

July. 

12th 

Aug. 

2661 

July 

• 

Range 

46-4 

49-0 

37-6 

37'9 

38 2 

38-4 

43*0 



41*5 

1 



Table XXI. — Showing the Mean Height of the Barometer (corrected and 
reduced to 32°) for each Observation Hour, obtained from Six -hourly 
Observations, taken daily, from 1800 to 1866, both inclusive. 


Months. 

3 ^ a.m. 

A.M. 

3 ^ P.M. 

dl P.M. 

Monthly 

means. 


in. 

in. 

in. 

in. 

in. 

January 

29-908 

29-931 

29-890 

29*958 

29*927 

February 

29-823 

29-870 

29*804 

29-877 

29-843 

March 

29*912 

29-963 

29-895 

29*968 

29-934 

April 

29-977 

30-026 

29*954 

30*027 

29*996 

May 

30-050 

30*105 

30*030 

30*097 

30*070 

June 

30 138 

30' 1 90 

30-121 

30*181 

ZO - 1 S 7 

July 

30’ 174 

30-228 

30-152 

30*212 

30-191 

August 

30*176 

30*228 

30*150 

30*218 

30*193 

September 

30-169 

30*221 

30*140 

30-218 

30-186 

October 

30-113 

30160 

30*082 

30-158 

30 129 

November 

30-045 

30*084 

30-017 

30*094 

30-060 

December 

29-967 

30*007 

29-947 

30-017 

29-984 

Means 

30-038 

30*086 

30*015 

30*085 

30-056 

Deviation from mean.. 

— -018 

-f-o3o 

— ■041 

+ •029 

I 


1867 . 


L 
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Table XXIII. — Showing the Mean Height of the Barometer (corrected and 
reduced to 32°) for each Month and Year, as derived from Six-hourly 
Observations taken daily from 1860 to 1866, both inclusive. 


Months. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Monthly 

means. 

Deviation 
from mean. 

January ... 
February.. 

March 

April 

May 

June 

July 

August 

September. 
October ... 
November. 
December.. 

in. 

29 846 

29- 842 
29S59 

30- 026 
30*048 
30-171 
30*196 
30*167 
30-142 
30*102 
30*088 
29-994 

in. 

29*909 

29*665 

29-950 

30*035 

30*050 

30*127 

30*182 

30*187 

30*193 

30*116 

30*026 

29*943 

in. 

29*899 
29*890 
29*944 
30*018 
30*062 
30 093 
30*151 

30-174 

30*151 

30-139 

29*992 
29 921 

in. 

29*921 

29*824 

29*929 

29*957 

30*102 

30*170 

30*161 

30*184 

30*147 

30*115 

30-057 

30*012 

in. 

29-950 

29*937 

29*923 

29*986 

30*080 

30195 

30*219 
30*206 
30*258 
30*142 
30*064 
30 017 

in. 

30*007 
29*836 
29*960 
29*990 
30*080 
30*190 
30*237 
30*221! 
30*196 
30 136 
30*085 
29-935 

m. 

29*952 
29*914 
29*969 
29965 
30*062 
30-159 
3 o’i 95 
30-212 
30*221 
30*152 
30' 102 
30*072 

in. 

29*927 

29*843 

^ 9*934 

29*996 

30*070 

30*157 

30*191 

30193 

30*186 

30*129 

30*060 

29-984 

in. 

— *129 

— *213 

— *122 

— *060 
-f*oi4 
+*101 

+ •135 

■f -137 
+*130 

+ •073 

+ *004 

— *072 

Yearly ^ 
means. J 

30*040 

30*032 

30*036 

30*048 

30*081 

30*073 

30*081 

30*056 j 



While Tables XIII. and XYIII. show a decreasing vapour-pressure and 
humidity, Table XXIII. shows an increasing atmospheric pressure. Hence 
the gaseous pressure has also been increasing. 

The gradual diminution both of the vapour-pressure and humidity may 
be due to the clearings which have been extensively carried on in the interior 
of the island during the last fifteen or twenty years. It would be easy to 
attribute the change to some general cause affecting the surrounding ocean, 
but there seems to be no necessity for having recourse to that supposition 
when we know that forests must act as preservers of moisture, and that the 
forests of Mauritius have been rapidly disappearing. If observations had 
been taken at localities where forests existed, before and after they were cut 
down, the change would doubtless be much more marked than at Port 
Louis. 

As to an increase of the atmospheric and gaseous pressures, with a de- 
crease of vapour-pressure, that is in accordance with a general law. 

The following are the means of the atmospheric and dry pressures for con- 
secutive periods of two years each : — 


Years. 

1860-61 

1862-63 

1864-65 


Atmospheric 

Pressure. 

, 30-036 , 
30-042 . 
30-077 . 


Dry 

Pressure. 

29-369 

29-385 

29-428 


These results are no doubt partly due to the disturbing action of hurri- 
canes. 
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Table XXIY. — Showing the Maximum and Minimum Eeadings and the 
Extreme Eange of the Barometer for each Month, from 1860 to 1866, 

both inclusive. 


Months. 

1800 . 

1801 . 

1802 . 

1863 . 

1864 . 

1865 . 

1866 . 

Monthly 

means. 

January 

f IMaximiin] 
1 Minimum 
1 Range ... 

in. 

29*991 

in. 

30*01 1 

29*544 

0*467 

in 

30*029 

29*745 

0*284 

in. 

30*081 

29*231 

0*850 

in. 

30*085 
29 706 
0*379 

m. 

30*142 

29-875 

0*267 

in. 

30*107 

29-748 

0359 

in. 

30*063 

29*627 

0*436 

February 

' Maximum 
Minimum 
Range . . 

29*996 

29*^20 

0-476 

29*986 

29*009 

0977 

30*039 

29*730 

0*309 

30*013 

29*329 

0*684 

30*107 

29 693 

0*414 

30*037 

29*511 

0*526 

30*044 

29*746 

0*298 

30*032 

29*505 

0*527 

March .. 

r Maximum 
Minimum 
[ Range . . . 

30-059 
29 454 
0*605 

30*083 

29*282 

o*8oi 

30*150 
29*750 
0 400 

30*065 

29*734 

0*331 

30*096 
29 667 
0*429 

30*088 

29*757 

0*331 

30*072 

29*836 

0*236 

30*088 

29*640 

0*448 

April 

^ Maximum 
Minimum 
L Range ... 

30*131 

29*834 

0*297 

30*109 

29*897 

0*212 

30*117 

29*898 

0*219 

30*123 

29*755 

0 368 

30*094 

29*859 

0235 

30*071 

29*871 

0*200 

30*132 
29*820 
0 312 

30111 

29*848 

0*263 

Mav 

" Maximum 
, Minimum 
[ Range . . . 

30*190 

29*848 

0*342 

30*127 

29-893 

0-234 

30-185 
29 947 
0*238 

30*229 

29*953 

0*276 

30*209 

29*963 

0*246 

30*218 

29*941 

0*277 

30*227 

29*882 

o '345 

30*198 

29*918 

0*280 

June 

Maximum 
Minimum 
, Range ... 

30*297 

29*969 

0*328 

30*246 

^ 9*945 

0*301 

30*255 

29*863 

0*392 

30*282 

30*048 

“0*234 

30*335 

30*069 

0*266 

30*400 
29*971 
0 429 

30*295 

29*988 

0*307 

30*301 

29*979 

0*322 

Jaly 

Maximum 
Minimum 
Range ... 

30*384 

30*051 

0*333 

30*^53 

29*977 

0 276 

30*300 

30*025 

0*275 

30*310 

30*007 

0*303 

30356 

30*077 

0*279 

30*382 

30*111 

0*271 

30 ' 3 i 3 

30*015 

0*298 

30*328 

30*038 

0*290 

August . . . 1 

r Maximum 
Minimum 
[Range ... 

30*245 

^ 9*954 

0*291 

i 30*304 
30*016 
0*288 

30*337 

30*065 

0*272 

30*323 

30*087 

0*236 

i 

30 373 
30*063 
0*310 

3 o ’355 

30*073 

0*282 

30*340 

30*004 

0-336 

30*325 

30*037 

0*288 

September ■ 

■ Maximum 
Minimum 
Range . . 

30*240 
29*963 
0 277 

30*279 

30*006 

0*273 

30*259 

30*062 

0*197 

30*279 
29 988 
0*291 

3 o’ 3*5 

30-137 

0*248 

30*375 
29*964 
0*41 1 

30-358 

30*009 

o ‘349 

30*311 

30*018 

0*293 

October... 1 

Maximum 
Minimum 
Range . . . 

30*186 

29*930 

0*256 

30*208 

29*951 

0*257 

30*265 

30*053 

0*212 

30*273 

29*859 

0*414 

30*311 

30*014 

0*297 

30*288 

29*823 

0-465 

30*257 

30*008 

0*249 

30*^55 

29-948 

0*307 

November | 

Maximum 
Minimum 
Range . , . 

30*164 

29-938 

0*226 

30*076 

29*844 

Q-232 

30*124 

29*826 

0*298 

30*147 

29*925 

0*222 

30*199 

29'933 

0*266 

30*231 

29*962 

0*269 

30*230 

29*986 

0*244 

301 67 
29.916 
0*251 

December | 

■ Maximum 
Minimum 
Range ... 

30*048 

29*87? 

0*170 

30*018 

29*773 

0*245 

30*029 

29-564 

0-465 

30*111 

29*915 

0*196 

30*119 

29-936 

0*183 

30*081 

29*650 

0*431 

30*202 

29*709 

0*493 

30*087 

29*775 

0*312 

Means for J 
years ... | 

Maximum 
Minimum 
.Range ... 

30*161 

29*823 

0-338 

30*142 

29*765 

o* 377 j 

30*174 

29*877 

0*297 

30*186 

29*820 

0*366 

30*222 

29*926 

0*296 

30*222 

29*876 

0-346, 

30*215 

29*896 

0*319 

30*189 

29-854 

o’ 33 S 
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Table XXV. — Showing the Greatest and Least Leadings (corrected and 
reduced) of the Barometer, the Dates, and Kange in each Year. 


Years 

18 G 0 . 

180 ]. 

18 () 2 . 

1803 . 

1804 . 

1805 . 

1800 . 

1 

Means. 

Maximum ... 

30-327 

30-334 

30-337 

30-323 

30-385 

30-400 

30'358 

30-352 

Dates 1 

25 th 

J line. 

26 th 
Aug 

29-009 

i5tli 

Aug. 

15th j 2211(1 

Aug. 1 8cpt. 

30th 

June. 

9 til 
8cpt. 

J2th ' 
Aug. 

Minimum .. 

■ 

29-454 

1 

29-564 

211(1 

Doc. 

29-231 29-667 

29-511 

29*630 

29438 

Dates 1 

2461 

March. 

1 561 
Feb. 

i3tli 4tli 

Jan. March 

I 2 lh 

Feb. 

7 til 
Dec. 

28th 

Jan. 

Range 

o-Sy-j 

I 3^5 

0 773 

1 1 

I 092 0-718 0-889 

0-728 

1 

0-914 


Table XXYI. — Showing the Number of times the Wind blew from the 
principal points of the Compass during each Year, from 
1861 to 1865 inclusive. 


Direction. 

1801 . 

1802 . 

1803 . 

1804 . 

1805 . 

Totals. 

North 

26 

14 

12 

5 

12 

69 

North to N.E. . 

14 

14 

8 

8 

3 

47 

N.E 

19 

14 

15 

H 

11 

73 

N E. to East .... 

173 

88 

95 

66 

72 

494 

East 

395 

226 

209 

288 

162 

1280 

East to S.E 

203 

376 

366 

403 

455 

1803 

S.E 

136 

227 

281 

268 

291 

1203 

S.E. to South 

57 

80 

102 

82 

133 

454 

South 

8 

8 

4 

9 

10 

39 

South to S.W. ... 

5 

3 

6 

5 

6 

25 

s.w 

6 1 

5 

4 

7 

10 

32 

S.W. to West 

12 

19 

^3 

12 

6 

62 

West 

28 ' 

31 

21 

22 

9 

III 

WesttoN.W. ... 

29 

30 

40 

34 

43 

176 

N.W 

H 

27 

38 

37 

33 

149 

N.W. to North ... 

J 9 

21 

3 ^ 

18 

^9 

109 

Calm 

233 

271 

207 

181 

184 

1076 

Variable 

83 

6 

7 

I 

I 

98 

Totals 

1460 

1460 

1460 

1460 

1460 

7300 



m 
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Table XXYII. — Showing the Mean Estimated Force of tho Wind, in Pounds’ 
Pressure on the Square Foot, for each Observation Hour, derived from 
Six-hourly Observations, taken daily during Seven Years (1860-1866). 


Hours. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Means. 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

3i 

074 

0-55 

0*23 

0*38 

0*27 

0-31 

0*35 

0*41 

94 a.m 

0*86 

o ‘59 

0-36 

0*43 

0-34 

0*32 

0*37 

0*48 

34 P-M 

076 

o ‘53 

0-31 

0-47 

0*33 

0*34 

0-42 

0*45 

94 P-M 

072 

0*49 

0*29 

0*37 

0-25 

0*33 

070 

079 

Yearly means 

077 

0*54 

0*30 

0-41 

0-30 

072 

076 

0*43 


Table XXYIII. — Showing the Mean Estimated Force of the Wind for each 
Month, in Pounds’ Pressure on the Square Foot, as derived from Six- 
hourly Observations, taken daily during Seven Years (1860-1866). 


Months. 

1800 . 

1861 

1802 . 

1863 . 

18 G 4 . 

1865 . 

1860 . 

Monthly 

means. 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

January 

I-I2 

0*57 

0*44 

0*48 

0’27 

072 

0*34 

071 

February 

1-25 

072 

099 

171 

0*25 

0*57 

0-23 

0-82 

March 

071 

172 

0*56 

0 18 

0*24 

0*32 

0*21 

076 

■Af Pil 

0*62 

0*50 

0*12 

0*27 

0*29 

0-20 

0*64 

0*38 

May 

I'I2 

0-29 

0*15 

0*34 

0*23 

0-28 

0*28 

078 

Juno 

0*82 

0-63 

0-14 

070 

0*42 

0*47 

0*45 

0*49 

July 

0*77 

0*46 

0*18 

074 

0*33 

076 

0-42 

0-41 

August 

o'6o 

o'68 

0*20 

0-40 

0*35 

0*35 

0-42 

0*43 

September 

0*54 

0-29 

o*i6 

0*24 

0*45 

0*27 

0*48 

075 

October 

0-69 

0*17 

0*19 

0*19 

0*28 

0-26 

0*33 

070 

November 

0*53 

0*24 

0*21 

0-12 

0*21 

0 24 

0*26 

0*26 

December 

0*35 

0*26 

0*23 

o*i6 

0*27 

0*29 

0*27 

0-26 

Yearly means 

076 

0*54 

0*29 

0*41 

070 

073 

076 

o »43 


The general accordance of the results in Tables XXYIII. and XXIX. is 
evident, both showing two maxima in February and June, and two minima 
in April and November. The discrepancy in the amount of force is due to 
the results in the former Table having been derived from four daily obser- 
vations of the estimated force during seven years, while the results in the 
latter have been obtained by taking the means of the daily maximum force 
recorded by Osier’s anemometer during six years. 
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Table XXIX. — Showing the Mean Maximum Eorce of the Wind for each 
Month, during Six .Years, in Pounds’ Pressure on the Square Foot, as 
obtained by Osier’s Anemometer. 


Months. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Monthly 

means. 


lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

January 

4*00 

2*10 

0*93 

2*20 

0*76 

1*10 

1*13 

1*69 

February ... 

3*00 

10*69 

2*85 

4*46, 

0*93 

1*88 

0*63 

2*29 

March 

2*00 

• 

2*28 

0*38 

0*53 

1*59 

0-63 

1*23 

April 

May 

1*85 

n 

cu 

0*29 

1*35 

0*51 

0*78 

2*49 

1*21 

3 '44 

'o 

0*99 

1*79 

0*66 

1*34 

1*31 

1*59 

June 

470 


0*37 

2*34 

2*48 

I 2^*52 

2*48 

2*48 

July 

2*6o 


1*56 

2*08 

2*23 

2*28 

2*05 

2*13 

August 

2*50 

(U 

I 115 

1*96 

1 ^*34 

2*60 

2*20 

2*12 

September ... 

2*50 

0 

i 0*50 

0*85 

2*50 

1*79 

2*06 

1*70 

October 

2‘34 

i 

1 0*68 

0*50 

0*95 

0*83 

0*84 

1*02 

November . 

1*95 


0*91 

0*27 

0*94 

0*71 

0*42 

0*87 

December . . 

2*35 


0*65 

! 0*40 

0*85 

1*03 

0*49 

0*96 

Yearly moans 

2*77 


I'lO 

1*55 

1*31 

i '54 

1*39 

i*6i 


Table XXX. — Showing the Greatest Force of the Wind, in Pounds’ Pressure 
on the Square Foot, and the Dates, in each Year. 


Years 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Means. 


Maximum 1 
force j 

lbs. 

18*0 

lbs. 

40*0 

lbs. 

12*5 

lbs. 

36*0 

lbs. 

87 

lbs. 

> 3 -S 

lbs. 

13*5 

lbs. 

20*3 

Date 1 

. 2ist 
June. 

1 5th 
Feb. 

26tb 

1 Feb. 

2otb 

Feb. 

2nd 

July. 

2I8l 

Fob. 

1 6th 
; April. 

5 th 
April. 


Table XXXI. — Showing the Mean Estimated Extent of Cloud for each Ob-r 
servation Hour, as derived from Six-hourly Observations taken daily 
during Seven Years (1860-60), 10 being taken for an entirely overcast 
sky, and 0 for an entirely cloudless sky. 


Hours. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Means. 

3i a.m 

4*1 

4*0 

2*9 

3*0 

3*6 

4*0 

4*3 

37 

9I A.M 

6*0 

5*7 

5*1 

5*5 

5*6 

5*9 

5*7 

5-6 

si- r.M 

6*7 

6*1 

5*8 

5*7 ^ 

6*3 

6*4 

6*3 

6*2 

9I P.M 

4*0 

3*5 

1 3*0 

3*0 

3*5 

37 

3-8 

3*5 

Means 


m 

D 

4*3 

4*7 

5-0 

5*0 

4*7 
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Table XXXII. — Showing the Mean Extent of Cloud, in each Month and 
Year, from 1860 to 1866, both inclusive, 10 being taken for an entirely 
overcast sky, and 0 for an entirely cloudless sky. 


Months. 

1800 . 

1801 . 

1 

1802 . 

1 

1800 . 

18 () 4 . 

1805 . 

1866 . 

Monthly 

means. 

January 

6’o 

5-8 

5*3 

4*7 

5*1 

46 

6*1 

5*4 

February 

67 

6*9 

57 

7*1 

6*1 

5*5 

5*1 

5*9 

March 

4*6 

57 

4*5 

5*8 

4*0 

5*9 

4*7 

4*9 

April 

4‘4 

5*0 

3*4 

4*0 

5*2 

3 -lf 

5*6 

4*5 

M!ay 

49 

52 

3*9 

2*9 

4*0 

4*3 

49 

4*3 

June 

4*6 

: 42 

2-8 

3 I 

3-8 

5*1 

4*5 , 

4*0 

July 

5‘9 

4*1 

3*5 

4*2 1 

4*5 

4 I 

4*2 

4*3 

August 1 

46 

47 

4*2 

3*5 i 

4*9 

54 

4*8 I 

4*9 

September 

4*9 

3*9 

3*8 , 

3*9 1 

4*9 

4*1 

4*9 1 

4*3 

October | 

5 'S 

37 

5*7 

4*5 i 

4-2 

5*5 

i 6*3 

5*1 

November 

4-8 

i 

4 2 i 

3*2 ' 

5’2 

43 

42 1 

4*3 

December 1 

57 


37 1 

4 8 ' 

5-0 1 

7*3 

4*9 ' 

5*1 

Yearly means 

5*2 


4*2 


4*7 1 

5*0 

“0“ 

1 

4*7 


Table XXXIII. — Showing the Amount of Kaiiifall, in inches, for each 
Month and Year, from 1860 to 1860, both inclusive. 


Months. 

1860 . 

1861 . 

1802 . 

1863 . 

1804 . 

i8or). 

1806 . 

Monthly 

means. 

Deviation 

from 

mean. 


in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

January 

14-65 

5*37 

4'02 

5-48 

2*32 

3*27 

5*41 

6*36 

+ 3'20 

February . . 

13*55 

46-57 

4*69 

10*95 

575 

15*54 

2*54 

14*23 

+ 11*07 

March 

7-58 

2 '48 

5-97 

3*43 

2-99 

3*17 

3-81 

4*20 

+ 1-04 



1-25 

3*23 

184 

1*49 

1*92 

0*77 

4-78 

2*18 

— 0*98 

May 

1*33 

3-73 

676 

0*71 

0*51 

0*22 

i*i6 

2' o 6 

— I'lO 

June 

0-45 

0*87 

0-58 

171 

0*31 

0*78 

0*37 

0*72 

“ 2*44 

July 

0*85 

0-45 

o*6o 

073 

1*47 

2*35 

: 0*36 

097 

— 2*19 

August .... 

2* i 8 

I ’84 

1*09 

0*29 

3*94 

3*28 

0*73 

1*91 

- 1*25 

September ... 

078 

0*00 

0*31 

0*72 

077 

0*60 

0*37 

079 

- 2*77 

October 

0*53 

0-03 

0*59 

1*18 

, 0*83 

0*82 

! 0*24 

o*6o 

— 2*56 

November ... 

o*i6 

2-15 

0*8 1 

0*35 

1 1*90 

1*84 

0 00 

1*03 

— 2*13 

December .. 

2’27 

2*04 

113 1 

277 

1 1*83 

12*09 

0*79 

3*22 

+ o*o6 

Fall for year 

45-18 

6876 

28*39 

33*41 

24*14 

44*73 

20*56 

37-87 


Deviation *1 
from mean J 

i+rsi 

+30*89 

-9-48 

-4-46 

-1373 

+6*86 

-17*31 

3*16 



The rain-gauge is 40 feet above the ground ; the mouth of the receiver is 
20 by 10 inches ; and the rain is conducted by a leaden tube to a room in 
the Observatory. 
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Table XXXIY. — Showing the Greatest llainfall, in inches, on any one day, 
in each Year, with the Date. 


Years. 

18 G 0 . 

18 G 1 . 

18 {) 2 . 

1863 . 

1804 . 

I8(ir). 

18 ()(). 

Means. 

Qroaiost I'ainfall \ 
in 24 hours J 

ill. 

5*82 

in. 

10*00 

in. 

in. 

in, 

^’45 

in. 

7*46 

in. 

1*72 

in. 

4-84 

Bate 1 

26 th 
Jan. 

1 5 til 
Feb. 

' 2^th 
May 

13 th 
Jan. 

nth 

Feb. i 

1 

r2th 
Vcb. 1 

24th 

Mar. 

26th 

Feb. 








1 

t 1 





Table XXXY. — Showing the Annual Rainfall, in ijichcs, at different 
Stations in Mauritius, from 180:^ to 18GG, both inclusive. 


Stations. 

18 G 2 . 

00 

i 

I 8 (i 4 . 

IFOG. 

I 860 . 

Means. 


in. 

in. 

in. 

ilt. 

in. 

in. 

Flat Island 

28*02 

't6* £ 14 . 





Gros-Cailloux 

2 P 35 

33*35 



24-17 

36-57 

20*72 

28*03 

Port Louis 

28*39 

33*41 

24*14 

4473 

20*56 

30*24 

Mont Choisy 

41-56 

54*66 

48*89 

67*53 

4 S '05 

51*54 

Le.s Eochers 

41-84 

64*27 

42*65 

6 o *95 

40*81 

50*10 

Botanical Gardens... 




51*55 

8577 



Labourdonnais 

52-23 

70*72 

57*25 

87*63 

50*29 

63*62 

Lucia 

60*71 

67*87 

57*94 

, 101*56 

51-84 

67*98 

Oroft-an-Eigh 



56*61 

1 79*44 

40*68 


Beau Sejour 

69*07 

99*76 

56*60 

87*12 

4456 

71*42 

Trianon 


80*66 

1 48-53 

1 81*19 

43-24 


I’he Braes 

59*51 

81*09 ' 

70*59 

78-77 

48-70 

6773 

Mesnil 1 





67*67 


Fspcrancp 





147*74 

88*02 







La Gaiete 




97*55 

S 7’77 








Cluny 

122*54 

147*09 

122*48 ! 

192*45 

129*42 

142*80 

Gros Bois 



83-36 

135*21 

70*24 


Beau Vallon 




100*85 

51*05 


St. Aubin | 




1 15*61 

70*51 



It may be proper to mention that, with the exception of Port Louis, Mont 
Choisy, Les Eochers, the Botanical Gardens, Labourdonnais, Mesnil, and La 
Gaiete, aU the stations are supplied with rain-gauges of the same form and 
size, viz., Glaisher’s rain-gauge as made by Xegretti and Zambra. Except 
at Port Louis and La Gaiete the gauges are placed on the ground. 




146 REPORT — 1867. 

Table XXXYI. — Showing the number of Days on which lightning was 
seen, or Thunder heard, in each Month and Year, from IbGO to 1866, 
both inclusive. 


Months. 

1800 . 

1861 . 

1802 . 

1803 . 

1864 . 

186 :». 

1866 . 

Means. 

January 

9 

10 

8 

II 

6 


2 

6*6 

February 

I 

2 

4 

9 

7 

II 

8 

6 'o 

March 

10 


2 * 

13 

2 

3 

10 

5'9 

April 

3 

2 

4 

6 

10 

2 

5 

4*6 

May 


3 

I 


5 

2 

1 

n 

June 









July 


. ... 









August 





I 


• •• 

o’r 

September 









October 






. . 



November 


I 


I 

2 

2 


0-8 

December 

I 

2 





2 i 


07 

Totals 

24 

20 

19 

40 

33 

22 

26 

26 4 


Table XXXYII, — Showing the Mean Yalnes of the principal Meteorological 
Elements for each (Tbservation Hour, derived from Six-hourly Observa- 
tions taken daily during Seven Years (1800-60). 


Hours. 

Tempe- 
rature of 
air. 

Atmo- 

spheric 

pressure. 

Vapour- 

pressure. 

Dry 

pressure. 

Humidity 

100—0. 

Estimated 
force of 
wind, 
in lbs. 

Amount 
of cloud 

10— 0. 

3iA.M. ... 

75'5o 

in. 

30*038 

m. 

•646 

m. 

29*392 

737 

lb. 

0*41 

37 

SJa.m. ... 

7rS9 

30*086 

•654 

29*432 

70*0 

0*48 

5*6 

3iP.M. ... 

78-99 

30'0i5 

•658 

1 29*357 

67-3 

0*45 

6*2 

94p.u. ... 

76*36 

30*085 

•652 

29*433 

72*6 

0*39 

3*5 

Means ... 

77*11 

'30*056 

•652 

29*404 

70*9 

0*43 ! 

j 

4*7 


It appears from Table XXXYII. that the march of the dry pressure is 
similar to that of the total or atmos];>hcric pressure, the rise and fall for both 
being as follows ; — 



Total 

Dry 

Period. 

Pres. 

Pres. 

A.3f. to A.M. 

+ •048 

-i -*040 

A.M. to P.M. 

-•071 

-*075 

3| P.M. to 9| P.M. 

+•070 

•f *076 

9^ P.M. to 3| A.M. 

-•047 

-*041 
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Table XXXYIII. — Showing the Means of the principal Meteorological 
Elements for each Hour of the Bay, derived from Hourly Observations 
taken on the 21st of every Month, from 1863 to 1866, both inclusive. 


Hours. 

Tempe- 
rature of 
air. 

Atmo- 

spheric 

pressure. 

Vapour- 

pressure. 

Dry 

pressure. . 

Humidity 

100 

Estimated 
force of 
wind. 

6 A.M. ... 

75 ’ 5 S 

in. 

30*060 

in. 

*628 

in. 

29*432 

69*8 

lb. 

0*20 

7 . M ••• 

75*77 

30*071 

•633 

29*438 

69*8 

0*30 

8 „ ... 

76-54 

30*082 

*642 

29*440 

69-5 

o*i8 

9 » - 

77*11 

30*090 

*640 

29*450 

67*6 

0*25 

lO „ 

78*12 

30*087 

*644 

^ 9*443 

66*0 

0*30 

11 „ 

78-91 

30*075 

•64s 

29*430 

65*0 

0*31 

Noon 

79*18 

30*059 

•644 

^9*415 

639 

0*30 

I P.M. ... 

79*43 

30*039 

•646 

29*393 

63*6 

0*30 

2 „ ... 

79-36 

30*025 

•646 

29*379 

64 0 

0*40 

3 » ••• 

79*22 

30 017 

•644 

29*373 

63*9 

0*26 

4 » — 

78*86 

30*020 

*634 

29*386 

63*8 

0*25 

5 » ••• 

78*22 

30*030 

•636 

^ 9*394 

6s'i 

0*25 

6 „ ... 

77*6i 

30*044 

•634 

29*410 

66*3 

0*22 

7 » - 

77*08 

30*060 

•633 

29*427 

67*4 

0*30 

8 „ . . 

76*76 

30*074 

•634 

29*440 ' 

68*1 

0*23 

9 » ••• 

76*46 

30*084 

•634 

29*450 

68*6 

0*18 

lO „ 

76-31 

30*086 

•632 

29*454 

68*9 

0*17 

II ,, 

76-19 

30*081 

•631 

29*450 

69*1 

0*19 

Midnight.. 

75-96 

30*072 

•629 

29*443 

693 

0*19 

I A.M. ... 

7 S'H 

30*059 

•630 

29*429 

69*7 

0*23 

2 

75-82 

30*047 

•629 

29*418 

69*9 

0*25 

3 ••• 

7 S 7 i 

30*039 

•625 

29*414 

69*6 

0*23 

4 ••• 

7571 

30*037 

•621 

29*416 

69*0 

0*26 

5 » ••• 

75'59 

30*043 

•623 

29*420 

69*6 

0*20 

Daily ] 
means j *** 

77*14 

30*057 

•635 

29*422 

67-4 

0*25 


Table XL — Showing the Means of the Extreme Eange of the principal 
Meteorological Elements for each Month, derived from Six -hourly Ob- 
servations taken daily from 1860 to 1866, both inclusive. 


Months. 

Tempe- 
rature of 
air. 

Atmo- 

spheric 

pressure. 

Vapour- 

pressure. 

Humidity 

100—0. 



in. 

in. 


January 

12*55 

0-436 

*265 

30-9 

February 

12*36 

0*527 

*250 

319 

March 

11*83 

0*448 

*270 

29*0 

April 

12*80 

0*263 

•268 

26*8 

May 

i 3’53 

0*280 

•276 

27*9 

June 

12*67 

0*322 

*268 

28*2 

July 

10*78 

0*290 

*222 

28*0 

August 

11*36 

0*288 

•221 

30*4 

September 

ii*8o 

0*293 

*213 

26*8 

October 

11*36 

0*307 

*^33 

27*9 

November 

13*09 

0*251 

*229 

^ 7*3 

December 

13*59 

0*312 

•237 

28*8 

Yearly means 

12*29 

0*335 

*246 

28*7 


Tables XXXIX. and XL. have been transposed iu order to save space. 
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Table XLI. — Showing the Highest and Lowest Values, and the Extreme 
Eanges, of the principal Meteorological Elements for each Year, from 1860 
to J 866, both inclusive, with the Epochs of Maximum and Minimum. 


Observations. 

1860 . 

1861 . 

1862 . 

1863 . 

1864 . 

1865 . 

1866 . 

Annual 

means. 


Highest .. 

88'i 

88*0 

89-4 

88*0 

89*0 

90*0 

89*0 

88*77 

i 

■Hof.* 

f 

3I8t 

14th 

27 th 

23rd 

2nd 

4th 

ist 

23rd 



Jan. 

Jan. 

Dec. 

Jan. 

Dec. 

Feb. 

April. 

Jan. 


Lowest ... 

66*5 

67*0 

68*0 

65*9 

66*0 

67*6 

62*8 

66*25 

a ® 



22nd 

nth 

24th 

8th 

2nd 

loth 

29 th 

24th 




June 

Sept. 

June 

July. 

Aug. 

July. 

Aug. 

July. 


itange 

21*6 

21*0 

21*4 

22*1 

23*0 

22*4 

26*2 

22*52 


Highest ... 

30’327 

30*334 

30*337 

30*323 

30-385 

30*400 

30*358 

30*352 




25 th 

26th 

15th 

15th 

22nd 

30th 

9th 

nth 



. 

June. 

Aug. 

Aug. 

Aug. 

Sept. 

June. 

Sept. 

Aug. 

^ ao J 

Lowest ... 

29*454 

29*009 

29*564 

29*231 

29*667 

29*511 

29*630 

19-438 

a ^ 


2461 

15th 

2nd 

13th 

4th 

1 2th 

7th 

28th 



Mar. 

Feb. 

Dec. 

Jan. 

Mar. 

Feb. 

Dec. 

Jan. 


Range 

0-873 

1*325 

0*773 

1*092 

0*718 

0*889 

0-718 

0*914 


Higliest . . 

0*914 

0*896 

0*903 

0*955 

0*868 

0*940 

0*940 

0*916 

1 . 



29 th 

3I8t 

27 th 

19th 

6th 

19th 

2 ist. 

8th 

3 2 



Jan. 

Jan. 

Jan. 

Jan. 

Mar. 

Feb. 

Feb. 

Feb. 


Lowest ... 

0*446 

0*449 

0*450 

0*400 

0*408 

0*435 

0*367 

0*421 




20th 

19th 

15th 

20th 

3I8t 

nth 

27 th 

2I8t 

1-4 



June. 

June. 

June. 

July. 

July. 

Aug. 

Sept, 

July. 


Range...... 

0-467 

0*447 

0*453 

0*555 

0*460 

0*505 

0*573 

0*495 


^ Highest ... 

96-7 

95*3 

90*9 

90*7 

90*7 

90*9 

91*0 

92*31 




2l8t 

1 6th 

9th 

5th 

12th 

nth 

4th 

8th 



. 

Aug. 

Feb. 

Feb. 

April. 

Aug. 

Feb. 

Jan. 

April. 

1 ^ 

Lowest .. 

50'3 

46*3 

53*3 

52*8 

5^*5 

5^*5 

48*0 

50*81 

3 

J 

■ 

7th 

loth 

17th 

ist 

nth 

12th 

26th 

29th 

w 


. 

Oct. 

J line. 

Nov. 

Nov. 

July. 

Aug. 

July. 

Aug. 

1 

Range 

46-4 

I 49*0 

37*6 

37*9 

38*2 

38*4 

43*0 

41*5 

Maximum force' 


1 








of 

wind in 










pounds press- 

r 

18*0 

40*0 

12*5 

36*0 

8*7 

13*5 

13*5 

20*31 

ure on square 










foot 













21 st 

15th 

26th 

20th 

2nd 

2I8t 

1 6th 

5th 


XJ&tlv . , . 


June. 

Feb. i 

Feb. 

Feb. 

July. 

Feb. 

April. 

i April. 

Greatest rainfall ‘ 










in 

twenty- 


5*82 

10*00 

3*25 

3*17 

2*45 

7-46 

1*72 

4*84 

four hours . . . 












r 

26th 

15th 

25 th 

13th 

nth 

nth 

24th 

26th 




Jan. 

Feb. 

May. 

Jan. 

Feb. 

Feb. 

Mar. &> 

Feb. 




1 





3rd Apr. 





Table XLU. — Showing the Means of the principal Meteorological Elements for each Year, derired from Six-honrly' 
Observations taken daily from 1860 to 1866, both inclusive. 
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ON THE CONSTRUCTION OF THE HIGHLAND RAILWAY, 161 

On the Construction and Works of the Highland Railway, By Joseph 
Mitchell^ F,R,S,E,, F.G,S,^ C,E,, and Member of the Institution 
of Civil Engineers, 

This title represents tlie union of several Companies in tlie north, of 
Scotland, amalgamated throe years ago under the name of the Highland 
Eailway Company. The works consist of a main line from a point near 
Perth, extending northward 117 miles to the town of Forres, and a base- 
line running nearly at right angles to the other, extending westwards from 
the town of Keith by Elgin and Forres along the shores of the Moray Firth 
to Inverness, and thence along the Beauly, Dingwall, and Dornoch Firths, 
northwards to Bonar Bridge, measuring from Keith to Inverness 55 miles, 
and from Inverness to Bonar Bridge 58 miles, and making together a base- 
line of 113 miles. These railways traverse the northern part of Perthshire, 
and are the main lines of communication through part of Banffshire and 
the counties of Inverness, Kairn, Moray, and Boss, the whole including three 
branches — two to the ports of Biirghead and Findhorn in Morayshire, and the 
other to the village of Aberfeldy in Perthshire — and extending to 246 miles 
length. 

The country is fertile and comparatively flat for a distance of about 40 
miles north of Perth, and also along the shores of the Moray, Dingwall, and 
Dornoch Firths ; but between Perthshire and Morayshire the line crosses two 
ranges of the Grampian Mountains, the one separating the valley of the Tay 
from that of the Spey, and the northern range separating the Spey from the 
valley of the Findhorn. 

The large rivers which drain these mountain -regions debouch into the Tay, 
the Moray, the Dingwall, and the Dornoch Firths, and as the railway in 
most cases crosses these rivers near the sea, bridges of considerable magnitude 
were required. Besides the crossing of these rivers, other difficulties of a 
formidable character arose in crossing the mountains at so great an eleva- 
tion, and in passing the rocky and preciiutous defiles through which portions 
of the line had to run. 

The northern counties traversed by these railways, except along the shores of 
the Firths, are chiefly pastoral, exporting largo numbers of sheep and cattle* 
The fisheries also are on an extensive scale ; besides the salmon fisheries 
in the rivers, the annual take of white fish in the Moray Firth amounts to 
about 60,000 tons. 

The object of the promoters, therefore, was to sweep the fertile shores of 
the Moray Firth, and to send the produce of the country by the most direct 
route to Perth, across the mountains, thus saving a detour by Aberdeen of 
nearly 60 miles. In laying out the main line and crossing the Grampians 
between Perth and Forres, long and steep inclines could not be avoided, but 
there is no steeper gradient than 1 in 70 throughout. The line to Blair, 
36 miles from Perth, rises only 443 feet above the level of the sea, but from 
Blair to the summit of the southern range of the Grampians, a distance of 17 
miles, the line rises 1045 feet, making the extreme summit 1488 feet above 
the sea. In this distance there are gradients for 10 continuous miles of 1 
in 72 and 1 in 70, and in the remaining 7 miles the inclines vary from 1 in 
78 to 1 in 110. After passing this summit the line descends into the valley 
of the Spey, falling 747 feet in 18 miles, the steepest gradient being 1 in 80* 
On crossing the Spey, the line is comparatively level for a distance of 24 miles, 
when it again ascends by gradients of 1 in 84, 80, and 100, in order to pass 
the northern ridge which separates the valley of the Spey from that of the 
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Findhom, This summit is 1046 feet above the sea-level. It afterwards de- 
pcends to Forres (the point of junction with the base-line) by gradients, the 
steepest of which are 1 in 70 for 8 miles, and 1 in 76 for 4 miles. 

In this length of the main direct line of 104 miles, there are two small 
tunnels, one of 350 yards near Dunkeld, and the other in the Pass of Killie- 
crankie of 110 yards in length, both constructed very much with the view of 
avoiding injury to the adjoining scenery. 

The principal difficulties that arose in laying out the line were in passing 
through the narrow defile at Dunkeld, the beautiful demesne of the Duke of 
Athole, and again in penetrating through the picturesque Pass of Killiecrankie, 
where the mountains, as it were, close in upon each other for a great height ; 
likewise in passing along the narrow, precipitous, and rocky valley of 
the Garry, close to a large and rapid mountain -stream ; also the Park at 
Castle Grant, and the defilo at Huntley’s Cave near Grantown. These 
points in particular required much study, with repeated trial and contour 
levels, so as to obtain a knowledge of the precise formation of the ground, 
and to choose the best direction at the lowest possible cost. At the Pass of 
KiUiecrankie the banks were so precipitous and steep that the line had to be 
supported by breast or retaining walls to the extent of 690 lineal yards, and 
to the average height of 26 feet, the extreme height of one being 55 foot ; 
and in order to carry the railway at the narrowest point in the Pass where 
the precipices close in, as it were, on either side, and afibrd scarcely any ad- 
ditional space beyond that occupied by the channel of the river, instead of 
supporting the line by broastwalls, it was deemed prudent to construct a 
viaduct of 10 arches, 60 feet above the river, which with a tunnel at the 
north end carries it successively through the Pass. At two other points on 
the line, in running up the sides of the Garry, breastwalls had to be formed, 
respectively 94 and 35 yards in length, and 15 feet in average height. All 
these breastwalls, extending to 1650 lineal yards, are built with hme, and 
set on a solid foundation of dry gravel or rock, at right angles to the face of 
the wall, which batters at the rate of 1| inch to the foot. 

The spaces behind the walls are filled with rubble stones, set by hand for 
10 feet wide, and further back with dry gravel, it being important that all 
earth or clayey substances should be excluded. The writer prefers the curved 
to the straight batter, as it gives more effectual resistance if well built ; but 
breastwalls are to be avoided wherever earth embankments can be substi- 
tuted, as, in his experience, there are subtle influences in the Scottish climate 
of alternate frost and wet in winter, which operate imperceptibly to their 
destruction, and they require careful and constant inspection. Except where 
those breastwalls became necessary, the whole of the lines were formed in 
cuttings and embankments, and for considerable distances along the slopes of 
valleys. Where the ground was precipitous or irregular in the cross 
section, level benchings were formed, 10 feet in width, immediately under- 
neath the permanent way, in order that the sleepers should have an equal 
and solid bearing throughout. 

In running through so large an extent of mountainous country, the line, 
as might be expected, had to pass over some lengths of soft ground and 
morass. The principal of these were for two miles near the town of Nairn, 
also for about two miles near Keith, one mile on Dava Moor, and about a 
mile in crossing through a hollow at Drumochter on the summit of the 
Grampians. In all places where the ground was particularly soft, a uniform 
mode of treatment was adopted. Two parallel drains were first cut outside 
the fences, about 50 feet apart, from 4 to 6 feet deep, and with slopes of 1 
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to 1. This drained off the surface-water; and, after making up the holes 
and other irregularities of the surface with turf, the space for the railway to a 
breadth of about 15 feet was covered with two or three layers of swarded 
or heather turf, having the sward side of the lower layer undermost, and 
that of the top layer up, the joints breaking band. In this way a good sus- 
taining surface has uniformly been obtained*. On this bed of turf the 
ballast was laid for 2 or 3 feet in depth. This was quite sufficient to support 
the traffic, but as in some cases the bed of moss was from 20 to 30 feet in 
depth, the railway merely floated on the surface, and was in the first instance 
undulating, and yielded in some parts from 3 to 4 inches under the weight 
of the engines passing over. To obviate this undulation longitudinal beams 
of timber were tried at one place, 30 to 40 feet long, below the sleepers, but 
this was found objectionable, as rendering it more difficult to raise or repair 
the surface of the road ; and an additional sleeper (making the sleepers 2 
feet 6 inches from centre to centre, instead of 3 feet) was found preferable. 
There was nothing for it, at the worst, but to lift the road every other week 
as it sunk, until it had acquired a solid bearing. In many places we had to 
lay on 4, 5, or 6 feet in depth of additional gravel, and in one place no less 
than 27 feet, before the road became solid. In the course of two or three 
years, however, with due attention, the rails being fished, the lines through 
these mosses were aU that could be desired for solidity and permanence. 

As the writer has said, in crossing so many mountain -rivers, bridges of 
magnitude had to be constructed, involving considerable varieties of execution. 
The principal of these bridges may now be described, and any peculiarity 
will be noticed which may have arisen during the progress of the works. It 
will be observed that the beds of the rivers in the north of Scotland differ in 
many respects from what is common in England, consisting frequently of 
depths of 10 or 12 feet of gravel and boulders, the solid and compacted debris 
of successive floods, below which, if the country is of rocky formation, there 
is usually hard clay, and then rock, or, as in one case at the mouth of the 
Eiver Ness, after penetrating 12 feet of shingle and boulders, a sort of ad- 
mixture of whitish clay and sand was obtained. In some cases we had to 
deal with soft clay and mud of great depth, but these were exceptions. Nor 
was it possible in general to ascertain, by boring, the precise nature of the 
foundations, because many of the boulders in the gravel were of large size, 
and were often mistaken for rock. The only way in which an approximate 
knowledge of the foundations could be obtained waB by driving iron rods at 
various places, and, when the bed of the river admitted of it, wooden piles. 
Still we worked very much in the dark ; but the writer^s long experience of 
these rivers, and of the nature of their floods, was of great advantage in 
enabling him to fix the depth of the foundations and the precise description 
of works, to secure the necessary stability of construction. In only two or 
three cases was there any fear of sinking. What had chiefly to be guarded 
against was sudden and impetuous floods, sometimes accompanied with 
floating ice and trees, undermining the foundations and damaging the piers ; 
it was therefore important to provide ample waterway. The construction of 
these bridges ranged over twelve years, and during that time there has been 
considerable changes in bridge building, by the adoption of iron cylinders for 
piers, and lattice girders in spanning the waterways, so that, as the works 
progressed, these improvements were adopted where found suitable, 

* Had this plan, which the writer has found to answer so well both for roads and 
railways, been adopted in the clayey ground at Balaklava in the Crimea, a good road might 
have bwn formed* 

1867. M 
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In planning these works, the writer, while having every regard to economy, 
Mt the importance of their being of the most substantial character, seeing 
that they were exposed in these fistricts to every vicissitude of climate and 
flood; but indeed he feels that all permanent public works involving the 
safety of the lives of the community should be of undoubted stability. On 
the whole system there are only three timber bridges, which he was forced 
to adopt, cluefly with a view to save time, but these are very substantial of 
their kind. AU the other bridges are constructed of stone, and where iron 
is adopted the piers are in general constructed of masonry. 

The iron work of the bridges on all these lines were constructed by Messrs. 
Fairbairn and Sons of Manchester, for about £20 per ton on the average, 
and are admirable specimens of workmanship in this department. 

Accompanying this paper, the writer furnished the working drawings of 
fourteen of these bridges, with the sections and dimensions in detail. They 
exhibit a variety of forms suited to the localities in which they are built. 

No. 1 is an iron-girder bridge across the Tay, 6 miles north of Dunkeld, 
with stone abutments and pier, constructed on platforms and piles in the 
usual way. The banks are low, and the river is spanned by two openings, 
one of 210 feet, and the other of 141 feet. The cost of this work was 
;£20,395. Extreme length 515 feet; height above the bed of the river 
67 feet ; cost per lineal foot .£39 12s, 

Nos. 2 and 3 are the most recent bridges erected by the writer ; and here 
he has taken advantage of the modern plan of using cylinder piers to carry 
the girders. Both bridges are constructed in the same manner, and on the 
same principle. The cylinders form the piers in the centre and abutments. 
Each cylinder is 8 feet in diameter, and has been sunk into the bed of the 
river 27^ feet in their extreme depth, by means of divers. When these cy- 
linders were adjusted and brought to the full depth, about 3 feet of cement 
concrete was lowered into the bottom. On the concrete setting, the water 
was pumped out, and the interior filled in with rubble masonry, laid with 
Portland cement. To provide for extreme floods, two side openings were 
made, 41^ and 35 feet span, of plate girders, one end resting on the masonry 
in the cast-iron cylinders, and the other on a stone abutment landward, secured 
on a platform and piles. These bridges answer their purpose very satisfactorily. 
The cost of No. 2 bridge, which consists of two openings of 122 feet, and two 
side openings of 35 feet span, was .£11,156. Total length of No. 2 350 feet ; 
cost per lineal foot .£31 175. 6d . ; height above the bed of the river 36 feet. 

The cost of No. 3 bridge, consisting of two openings of 137 feet span, and 
two side openings of 41 J feet span, the cylinders being sunk into the bed of 
the river 25 feet, amounted to .£13,772. Length of No. 3, 41 9| feet; cost 
£S2 165. 7d, per lineal foot; height above the bed of the river 49 feet. 

No. 4 is the viaduct in the Pass of KilliecranJcie already alluded to. It 
consists of 10 arches of 35 feet span, with an extreme height from the foun- 
dations to the top of the parapet of 54 feet, and is built with a curve of 20 
chains radius. The Pass of Killiecrankie is a well-known object of picturesque 
beauty, and it is generally admitted that the railway, now that the slopes 
have attained their proper verdure, has in no way diminished its attractions. 
Indeed this viaduct is thought to give it additional interest. 1 he cost was 
£5720. It is adapted to the single line, and is 17 feet in width over 
parapets. Length 508 feet ; cost per lineal foot £11 5s. 

No. 5 is a viaduct across the Piver Tilt, near Blair Athole, spanning the 
river by one wrought-iron girder of 150 feet. The abutments are of stone, 
Irid three feet below the bed of the river on a platform of timber 6 inches 
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thick secured to piles. As it is situated close to Blair Castle, it has been 
made somewhat more ornate than was otherwise necessary. The cost of 
this bridge is X6500, being for a single line. Length 256 feet; cost 
£25 7s. 9d, per lineal foot ; height above the bed of the river 40 feet. 

No. 6 is a bridge across the River Oarry at Calvine of 3 spans, one of 
80 and two of 40 feet, and is 55 feet from the bed of the river to the top of 
the parapet. There was considerable difficulty in fixing the crossing of the 
river at this place. The Garry is here a large and rapid mountain-stream, 
on a rocky bed, with several falls immediately adjoining, running through an 
ornamental plantation, and as this was a spot of interest in the grounds of 
Blair Castle, we were precluded from crossing the river at any other point 
within the demesne. It occurred to the writer, however, as the road-bridge 
passed over about the narrowest part of the river, the object aimed at could be 
effected both economically and unobjectionably by spanning both road and river, 
thus forming an object of additional interest in this peculiar locality. The cost 
of this bridge was £5100. Length 274 feet ; cost per lineal foot J^18 125. Sd. 
^ No. 7 is a bridge of no particular interest, 80 feet span, crossing the 
River Dvdnain, a mountain-stream near Gran town, but is given as a specimen 
of a substantial bridge of this size. The cost was : — Masonry £2238 ; iron 
work £1060. Total £3298, Length 148 feet ; height 27 feet ; cost per 
lineal foot £22 5s. 6d, 

No. 8 is a viaduct crossing a picturesque ravine and stream called the 
Divie, 10 miles south of Forres. Its length is 477 feet, constructed for a 
single line, and the cost amotmted to £10,231. It is 106 feet in height from 
the river-bed to the top of the parapet, and 16 feet in width ; all the piers 
within the limits of the stream are founded on rock. It consists of seven 
arches of 45 feet span each. Cost per lineal foot £21 95. 

These viaducts constitute the principal works on the through line between 
Perth and Forres. The writer will now proceed to allude briefly to the 
principal works on the coast-line between Keith and Bonar Bridge. 

The portion from Keith to Inverness being one-half the distance of the 
railway from Aberdeen to Inverness, the capital of the Highlands, extends 
to 55 miles in length. It may be stated that this portion from Inverness to 
Keith originally formed part of the Great North of Scotland Railway, the act 
for which was obtained in 1846, but pecuniary difficulties prevented the 
promoters from constructing this part of their scheme, involving, as it was then 
supposed, the construction of very heavy work in the neighbourhood of the 
River Spey, and it was eventually left to the Highland Companies to carry it out. 
There is a deep and precipitous ravine on the south side of the Spey, 
with flat meadows on the north side, and the original plan of the Great 
North of Scotland Company was to cross the river at a gradient of 1 in 
90 with a high viaduct, with expensive works in the ravine, at a cost 
of about £100,000, the bridge being estimated at £60,000. After much 
careful survey and consideration, and consultation with Messrs. Locke 
and Errington regarding this work, it was fixed to pass through the ravine 
by a gradient of 1 in 60 for 2^ miles, which is the steepest gradient on 
the Highland system, and span the river by a box girder of 230 feet, with 
six side arches of masonry, each of 30 feet span, to meet the contingency 
of flood waters, which are on this river very sudden and very rapid, and the 
work has been carried out successfully. It may be mentioned that this was 
about the greatest single span of an open girder at the time built (1856). 
The propriety of a stone bridge at this place, with a gradient of 1 in 70, was 
considered by the Directors, but it was found to be too expensive. The 
present line, however, answers quite sufficiently for the traffic of the country. 
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which is now chiefly local since the opening of the Highland line. The cost 
of the bridge, which is 660 feet long and 74 feet high from the foundations 
to the top of the towers, constructed for a double line, was X34,480 ; cost 
per lineal foot £52 58. The east abutment of this bridge is founded on rock, 
and it was provided that the west abutment should be sunk and founded on 
piles and a platform, the first imperfect trials having led to the conclusion 
that there was nothing beyond indurated shingle at this place. On sinking 
14 feet from the surface, however, through a conglomerate of boulders 2 to 
3 feet in diameter, hard mountain clay appeared, and on penetrating this 
for about 3 feet, rook was found, thus securing for this structure a rock 
foundation on either side. Immediately at the east end of this viaduct, the 
line, as already said, runs through a narrow and precipitous ravine, the 
stream of which had to be diverted for the railway, by a new channel cut out 
of the solid gravel 30 feet wide, sloping longitudinally 1 in 40, and pitched 
with stones from 12 to 18 inches deep. This pitching, which consists of squared 
stones, had to a small extent broken up several times since the line was 
opened ten years ago, from the floods bringing down stones and trees, and 
we found that the most effectual way of securing it was by inserting^walings 
of timber 40 feet apart, 12 inches by 4 inches, across the channel, secured 
at every 3 feet by iron piles, and grouting the joints of the pitching in dry 
weather with lime -grout so as to prevent the lodgment of air and water, 
which under the pressure of floods has a tendency to dislocate the stone work. 

No. 10 is a viaduct crossing the Findhorn, a dangerous and rapid river. 
It sometimes comes down in great flood, almost in a body of 2 or 3 feet 
of perpendicular height at a time, notwithstanding that in summer it is a 
very moderate -sized stream. This bridge consists of three spans of 150 feet 
each, with stone abutments and piers of solid ashlar, and is constructed for a 
single line. There was no appearance of rock in the immediate neighbour- 
hood of the site, although rock appeared on one side of the river about half 
a mile above ; and the channel, as far as could be ascertained, consisted of 
shingle and gravel. It was provided, therefore, that the foundation should 
be sunk 6 feet below the deepest part of the bed of the river on a platform and 
piles. The east abutment was so sunk, and the piles were driven through 
the gravel to a depth of 10 feet, making 16 feet below the bed of the river. 
It was observed that at that depth the piles uniformly would drive no further, 
and this suggested the possibility of rock. Rock was accordingly searched 
for, and it was found that about 18 feet under the bed of and across the 
river, rock existed. Cofferdams were therefore formed, and rock foundations 
were secured for the remaining piers and abutment. The cost of the bridge, 
including a pitched embankment on the east side, the bottom of which was 
secured by piles and a waling of timber, amounted — masonry to £11,170 ; 
ironwork £10,260, making a total of £21,430. Extreme length 608| feet ; 
height above foundations 46^ feet ; cost per lineal foot £35 45. 4c?. 

No. 11 is a bridge across the River Nairn, consisting of four arches of 55 feet 
span, and is an admirable piece of masonry. An incident connected with the 
foundations of this bridge deserves to be mentioned. The contractor, when 
instructed to ascertain the nature of the foundations, insisted that it was 
unnecessary to take any trouble about them, as rock cropped out on either 
bank ; the turnpike-road bridge across the river a quarter of a mile below 
was founded on rock, and he said there could be no doubt that rock would 
be got in the centre 3 or 4 feet below the bed of the river. Rock, however, 
was not reached until we sunk from 13 to 14 feet, showing that experienced 
persons may be misled even under the most convincing circumstances. The 
structure, however, is founded on the solid rock throughout, and the cost for 
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a double lina was JB8620* Length 871 feet; height 56 feet; cost per 
lineal foot £23 4s, 8d. 

No, 12 is a viaduct acrom the Nessy consisting of five arches of 73 feet span 
over the river, 4 land arches of 20 feet span, and 2 cast-iron opening 
of 27 and 35 feet span over roads. The foundations of this bridge, as in 
many others, consisted of shingle for 20 feet down, but at the north abut- 
ment and pier t)ie iron rods driven in appeared to penetrate considerably 
easier than at other points of the channel, and it was deemed prudent to 
construct this abutment and pier upon bearing piles and a platform, and 
they were accordingly so done, as exhibited in the drawings. The total 
length of this bridge, including the side arches, is 669 feet, and the total 
height from the bed of the river to the top of the parapet is 40 feet. It is 
constructed for a single line, and cost .£13,410. Cost per lineal foot £20. 

No. 13 is a good example of a swing bridge built across the Caledonian 
Canal, which the line spans on a skew of 65 degrees. It consists of 2 
girders of 126 feet in length, 78 feet of which, from the centre of the turn- 
table, spans the canal, and the remaining 48 feet forms the balance weight. 
Advantage was taken of the canal being emptied for repairs to lay the foun- 
dations of the masonry, which are on a platform and piles in the solid gravel, 
9 feet below the surface of the water. The depth of the canal is 18 feet, 
and the width of the locks 40 feet, the canal banks being 120 feet apart. 
Some difficulty occurred at first during hot weather from the expansion of 
the iron afiecting the adjustment and closing of the bridge, which was 
remedied by means of a powerful screw, and the bridge has been worked with 
satisfaction and safety for the last five years. This bridge, with its machinery, 
timber, wharves for protection from vessels, distant and station signals, &c., 
complete, cost ^718. 

No. 14 spans the River Conon in Ross -shire. Prom peculiar circumstances 
it was necessary that this bridge should cross the river on a skew of 45 
degrees to the stream, and as there were rock foundations, there was no 
difficulty to contend with beyond that of 4 or 5 feet of water in the channel 
of the river to reach the rock, which was successfully accomplished. The 
peculiarity of the skew with the river at this place would have been more 
easily provided for by the adoption of iron girders from pier to pier, but 
as the writer found at that time that iron girders would be fully as expen- 
sive, and not so permanent as a stone bridge, and as there were admirable 
quarries in the neighbourhood, he resolved to construct this bridge, as already 
said, on a skew of 45 degrees with the river, by a series of right-angled ribs 
or arches spanning from pier to pier. This is no new arrangement ; but the 
writer is not aware of the plan being adopted for a series of arches of so 
large a span in any previous instance. The bridge consists of 5 arches of 
73 feet span each, the arches being constructed of four ribs, each 3 feet 9 
inches wide ; the arch-stones are 4 feet deep at the springing, and 3 feet 
deep at the crown. The keystones of the centre part of each arch were made 
to connect with each other, as were the stones in the haunchings of the 
arches, and some cramps of iron were inserted at the joints to connect the 
ribs. The work was successfully accomplished, and constitutes a very perfect 
piece of bridge masonry. The total length of the bridge is 540 feet, and the 
height 45 feet from the bed of the river. The north abutment is founded 
304 feet lower down the river than the south, and the whole structure, when 
the centres were removed, was found so accurately built that no joint in it 
showed any indication of setting. The cost of this bridge for a single line 
was Xll,391. Cost per lineal foot <£21 2a. 

There are many other bridges, as may be supposed, over so great an extent 
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of country, and a country so much exposed to floods, but those above de- 
scribed are the principal ; the entire waterway spanned over the entire system 
being 9828 feet. 

On the Central Bail way from Dunkeld to Forres, 104 miles, being a single 
line, there are 8 viaducts, 126 bridges over streams, 119 public and ac- 
commodation road-bridges, and 8100 yards of covered drains, varying in size 
from 18 to 36 inches square. There are 1650 lineal yards of breastwalls, 
304,700 cubic yards of rock cutting, and 3,416,000 cubic yards of earth- 
work, being, including rock and earth, at the rate of 35,776 cubic yards to 
the mile. The largest embankment was at Bafford near Forres, which con- 
tained 308,000 cubic yards. 

The permanent way consists of larch and natural-grown Scotch fir sleepers 
of the usual size, 3 feet apart ; the chairs are 22 lbs. in weight ; the rails 
weigh 75 lbs. to the lineal yard, are in lengths of 24 feet, and are fished at 
the joints. 

The total cost of the works, including all extra and accommodation works, 
amounted for the 104 miles, to ^798,311 ; the land, including severance, to 
£70,000 ; and the preliminary, parliamentary, engineering, and law expenses 
to £50,893, making the cost of this portion of the Company’s lines £919,204, 
or £8860 per mile*. 

The contracts were entered into immediately after the passing of the Bill 
in July 1861 ; the first turf of the railway was cut on the 17th of October of 
the same year, and the whole line was passed by the Government Inspector, 
and opened for public traffic on the 9th of September 1863, being one year 
and ten months, an unprecedentedly short time for works of such magnitude. 
The works between Forres and Dunkeld were divided into nine contracts let 
by public competition, and were undertaken £15,705 below the Engineer’s 
estimate, and were completed at 12 per cent, over the Engineer’s estimate, 
including 4 per cent, for accommodation works ordered by land valuators. 

The traffic has been worked successfully and without accident for four 
years. The mail trains perform the journey between Inverness and Perth 
(144 miles) in 5| hours. It was proposed to the Post Office, but not agreed 
to, on account of the expense, to run them in four hours. 

An ordinary goods train of 20 waggons, or 200 tons gross load, is drawn 
up the steepest inclines by one engine, having 17 -inch cylinders and 24- 
inch stroke. 

The traffic is rapidly increasing. The sheep and cattle, which used to 
reach the southern markets by a toilsome journey of a month or six weeks, 
are now conveniently transported in a day at less cost, the Company having 
carried in one week upwards of 21,000 sheep. 

In passing over the mountain-ridges already described, it was feared that 
serious interruptions would arise from snow during the winter, but as the 
writer had a knowledge of the whole country for many years, he did not 
anticipate any difficulty on this head which might not be overcome. The 
summit is about 500 feet higher than that of the Caledonian line, or some 
1500 feet in all above sea-level, and is no doubt more exposed. The first 
winter, viz. 1863-64, it was wholly open and the traffic uninterrupted; in 
February of the second winter, viz. 1865, a very heavy snow-storm occurred 
all over the north of Scotland, impeding the traffic of almost all the northern 
railways, and stopping the traffic on the Highland line for four or five days, 
which was only restored with great difficulty by the labour of large bodies of 

♦ The extra work claimed by one Contractor is still unsettled , but is valued and paid at 
the rate at which the extra works on 160 miles of this system of railways have been amicably 
settled. 
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men. It was evident, therefore, that some decided stops must be adopted 
to overcome the snow difficulty, and in the beginning of 1866 the road was 
kept pretty well open by the application of snow-ploughs ; and the expe- 
rience of that winter made it quite clear that this difficulty might, with 
proper appliances, be effectually overcome, and means were accordingly 
adopted for that purpose. 

In these elevated regions, when a snow-storm occurs, it is accompanied 
with high wind, and the snow is consequently drifted with great rapidity 
into the hollows and cuttings. With the view of obviating this, screen 
fences of light timber, or of decayed sleepers, or earthen mounds were 
erected a few yards from each side of the cuttings where the line was exposed. 
These were found very effective for intercepting the drifts. There was then 
provided snow ploughs of three descriptions, viz : — One, a light plough fixed 
to all the engines running on the line, and capable of clearing 12 to 24 inches 
of new snow. The second was a more formidable snow plough, which was 
fixed to a pilot engine, and was found capable of clearing 2 to 5 feet of 
snow. This pilot engine was attached to goods or passenger trains. The 
third, and largest class of plough was found to clear snow 10 or 11 feet 
deep, with the aid of four or five goods engines. These appliances, notwith- 
standing the very serious snow-storms which were encountered on the line 
in January last, were capable of keeping the line almost whoUy clear. 

This I consider a great triumph, inasmuch as the Highland line, over 
such high elevations, was kept clear, while, by the same 8t«)rm, the lines 
throughout Scotland, England, and France were more or less blocked up ; 
the lines in the north of Scotland being stopped entirely five or six days — 
the mails for Aberdeen being delayed three days from London, and two from 
Edinburgh. The Norfolk line was blocked up for some days ; the Holyhead 
mail detained from 12 to 16 hours ; the London, Chatham, and Dover blocked 
up for two days, as well as the trains in France to Marseilles. 

Much credit is due to the activity and attention of the Highland Company’s 
officers — Mr. Stroudley, the Locomotive Superintendent, and Mr. Buttle, Su- 
perintendent of Permanent Way — Mr. Stroudley having planned and con- 
structed the snow-ploughs. 

As a specimen of a cheaply constructed line of railway, the writer annexes 
a note of the details of the northern portion of the Highland Railway, from 
Invergordon to Bonar Bridge, 26^ miles in length. The country through 
which this section of the line passes is comparatively level, and several parts 
skirt and run through the sea, where the works had to be protected at con- 
siderable cost. The cuttings amounted to 549,000 cubic yards, of which 
about 20,000 were rock. There are 27 bridges over streams, 4 of them 
40 to 50 feet span, 26 public and accommodation road-bridges, and 2942 
lineal yards of drains, varying from 18 to 36 inches square. The rails are 
double-headed and weigh 70 lbs. to the yard, and are fished at the joints ; 

I of the chairs are 20| lbs., and | 28 lbs. in weight. There are ten stations, 
with permanent dwelling-houses for the agents and porters. 

The total cost of this portion of the line, the works being of the very best 
quality, and the masonry all of stone, amounted to £5018 per mile, or in- 
cluding parliamentary and law expenses and land, £5888 per mile. 

Commercially, these lines, extending over 246 miles, have not as yet been 
quite successful, from the fact of too great an extent of line having been 
undertaken at once, it requiring in an agricultural country considerable 
time to develope the traffic. 

Under the whole circumstances, however, the traffic is satisfactory. 

The works are of the most substantial character. The capital account. 
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which is under ,£2,800,000, is about closed as far as new works are concerned, 
while the revenue is rapidly increasing. For the half-year just ended, the 
Company will be able to pay its preference and debenture stocks, 5 per cent, on 
its floating liabilities, and about 2 per cent, on its ordinary stock of ^740,000. 

It will thus be seen that if the revenue increases in the same ratio that it 
has hitherto done, viz. from <£15,000 to <£20,000 per annum, the Company will 
be able to pay in two or three years a satisfactory dividend of 5 per cent. When 
that event occurs, the Directors may with propriety give some moderate aid 
to the further extension of the main lines of communication to Caithness and 
Skye, both of which must prove valuable feeders to the Highland system. 

These lines were promoted chiefly by the great landed proprietors in the 
country, among the most prominent of which were the Earl of Seafield, 
Lord Fyfe, Mr. Matheson of Ardross, M.P., Mr. Merry of BeUadrum, M.P., 
Mr. MTntosh of Baigmore, Col. Fraser Tytler, the Duke of Sutherland, &c. 


Experimental Researches on the Mechanical Properties of Steel, 

By W. Fairbairn, LL,D.y F,R,S.y ^c. 

There is probably no description of material that has undergone greater 
changes m its manufacture than iron ; and, judging from the attempts that 
are now making, and have been made, to improve its quality and to enlarge 
its sphere of application, we may reasonably conclude that it is destined to 
attain still greater advances in its chemical and mechanical properties. The 
earliest improvements in the process of the manufacture of iron may bo 
attributed to Cort, who introduced the process of boiling and puddling in the 
reverberatory furnace, and those of more recent date to Bessemer, who first 
used a separate vessel for the reduction of the metals, and thus effected 
more important changes in the manufacture of iron and steel than had been 
introduced at any former period in metallurgic history. To the latter system 
we owe most of the improvements that have taken place ; for by the compara- 
tively new and interesting process of burning out the carbon in a separate 
vessel almost every description of steel and refined iron may bo produced. 
The same results may be obtained by the puddling furnace, — but not to the 
same extent, since the artificial blast of the Bessemer principle acts with 
much greater force in depriving the metal of its carbon, and in reducing it to 
the state of refined iron. By this new process increased facilities are afforded 
for attaining new combinations by the introduction of measured quantities 
of carbon into the converting vessel, and this may be so regulated as to form 
steel or iron of the homogeneous state, of any known quality. 

By the boiling and puddling processes, steel of similar combinations may 
be produced, but with less certainty as regards quality, as everything depends 
on the skill of the operator in closing the furnace at the precise moment 
of time. This precaution is nccessarj^ in order to retain the exact quantity 
of carbon in the mass so as to produce by combination the requisite 
quality of steel. It will be observed that in the Bessemer process this un- 
certainty does not exist, as the whole of the carbon is volatilized or burnt 
out in the first instance ; and by pouring into the vessel a certain quantity 
of crude metal containing carbon, any percentage of that element may be 
obtained in combination with the iron, possessing qualities best adapted to 
the varied forms of construction to which the metal may be applied. Thns 
the Bessemer system is not only more perfect in itself, but admits of a greater 
degree of certainty in the results than could possibly be attained from the 

1868. N 
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mere employment of the eyes and hands of the most experienced ptiddler. 
Thus it appears that the Bessemer process enables us to manufacture steel 
with any given proportion of carbon, or other eligible element, and thus to 
describe the compound metal in terms of its chemical constituents. 

Important changes have been made since Mr. Bessemer first announced his 
new principle of conversion, and the results obtained from various quarters 
bid flair to establish a new epoch in metallurgic manipulation, by the pro- 
duction of a material of much greater general value than that which was pro- 
duced by the old process, and in most cases of double the strength of iron. 

These improvements are not exclusively confined to the Bessemer process, 
for a great variety of processes are now in operation producing the same 
results, and hence we have now in the market homogeneous, and every other 
description of iron, inclusive of steel of such density, ductility, &c., as to meet 
all the requirements of the varied forms of construction. 

The chemical properties of these different kinds of steel have been satis- 
factorily established ; but we have no reliable knowledge of the mechanical 
properties of the different kinds of homogeneous iron and steel that are now 
being produced. To supply this desideratum, I have endeavoured, by a 
series of laborious experiments, to determine the comparative values of the 
different kinds of steel, as regards their powers of resistance to transverse, 
tensile, and compressive strain. 

These experiments have been instituted not only for those engaged in the 
constructive arts, but also to enable the engineer to make such selections of 
the material as will best suit his purpose in any proposed construction. In 
order to arrive at correct results, I have applied to the first houses for the 
specimens experimented upon, and judging from the results of these experi- 
ments, I venture to hope that new and important data have been obtained, 
which may safely be relied upon in the selection of the material for the 
different forms of construction. 

For several years past attempts have been made to substitute steel for 
iron, on account of its superior tenacity and increased security in the con- 
struction of boilers, bridges, <fec. ; and assuredly there can be no doubt as to 
the desirability of employing a material of the same weight and of double the 
strength, provided it can at all times be relied upon. Some difficulties, how- 
ever, exist, and until they are removed it would not be safe to make the 
transfer from iron to steel. These difficulties may be summed up in a few 
words, viz. the want of uniformity in the manufacture, in cases of rolled 
plates and other articles which require perfect resemblance in character, and 
the uncertainty which pervades its production. Time and close observation 
of facts in connexion with the different processes will, however, surmount 
these difficulties, and will enable the manufacturer to produce steel in all 
its varieties with the same certainty as ho formerly attained in the manu- 
facture of iron. 

In the selection of the different specimens of steel, I have endeavoured to 
obtain such information about the ores, fuel, and process of manufacture as 
the parties supplying the specimens were disposed to furnish. To a series of 
questions, answers were, in most cases, cheerfully given, the particulars of 
which will be found in the Tables. 

I have intimated that the specimens have been submitted to transverse, 
tensile, and compressive strain, and the summaries of results will indicate 
the uses to which the different specimens may be applied. Table I. gives 
for each specimen the modulus of elasticity and the modulus of resistance to 
imj^act, together with the deflection for unity of pressure ; from these experi- 
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mental data the engineer and architect may select the steel possessing the 
actual quality required for any particular structure. This will be found 
especially requisite in the construction of boilers, ships, bridges, and other 
structures subjected to severe strains, where safety, strength, and economy 
should be kept in view. 

In the case of transverse strain some difficulties presented themselves in 
the course of the experiments, arising from the ductile nature of some part 
of the material, and from its tendency to bend or deflect to a considerable 
depth without fracture. 

But this is always the case with tough bars whether of iron or steel, 
and hence the necessity of fixing upon some unit of measure of the deflections, 
in order to compare the flexibility of the bars with one another, and, from 
the mean value of this unit of deflection, to obtain a mean value of the 
modulus of elasticity (E) for the different bars. This unit or measure of 
flexibility given in the Table is the mean value of all the deflections corre- 
sponding to unity of pressure and section. The modulus of elasticity has 
also been calculated from the deflection produced by 112 lbs., in order that 
it may be compared with the results of experiments on cast iron, given at 
pages 73 and 74 in my work ^ On the Application of Iron to Building Pur- 
poses.’ In order to determine the resistance of the bars to a force analogous 
to that of impact, the work in deflecting each bar up to its limit of elasticity 
has been calculated. These results differ considerably from each other, 
showing the different degrees of hardness, ductility, &c. of the material of 
which the bars arc composed. The transverse strength of the different bars 
up to their limit of elasticity is shown by the amount of the modulvs of 
strength or the unit of strength calculated for each bar. 

Table II., on tensile strain, gives the breaking strain of each bar per 
square inch of section, and the corresponding elongation of the bar per unit 
of length, together with the ultimate resistance of each bar to a force analo- 
gous to that of impact. 

Table III., on compression, gives the force per square inch of section 
requisite to crush short columns of the different specimens, with the corre- 
sponding compression of the column per unit of length, together with the work 
expended in producing this compression. 

Having selected the requisite number of specimens from different works, 
the experiments commenced with the transverse strains, which were con- 
ducted as on former occasions, by suspending dead weights from the middle 
of the bar, which was supported at its extremities, the supports being 4 feet 
G inches apart. The apparatus for this class of experiments consisted of the 
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wooden frame A, to which were bolted two iron brackets, BB, on which the 
bars were laid. Immediately over the centre of the bar, at a point equi- 
distant between the supports, the wheel and screw C was attached to the 
scale D on which the weights were placed, 56 lbs. at a time ; after each 
weight was laid on, the deflections were taken, and the experiment was con- 
tinued until a large permanent set was obtained. The permanent set was 
observed at intervals in the following manner : — After the deflection pro- 
duced by the load had been ascertained, the screw C was turned so as to raise 
the scale and relieve the bar of the load, thus enabling the experimenter to 
ascertain the effects of the load upon the bar and to register the permanent 
set. This operation was conducted with great precision, as may be seen on 
consulting the Tables in the experiments which follow. 

Each of the bars have been treated in this way, care having been taken to 
secure portions of each bar for the experiments on tension and compression. 
In addition to these distinct tests, I have the advantage of my friend 
Mr. Tate’s assistance in the reduction of formula} as follows : — 


Eormtl^ op Eedtjctiox. 

J^or the reduction of the Experiments on Transverse Strain. — When a bar 
is supported at the extremities and loaded in the middle, 

E= (1) 

42Kc;^’ ^ 

where J is the distance between the supports, K the area of the section of 
the bar, d its depth, w the weight laid on added to fths of the weight of the 
bar, B the corresponding deflection, and E the modulus of elasticity. 

When the section of a bar is a square, 



These formulas show that the deflection, taken within the clastic limit, 
for unity of pressure is a constant, that is, ~=D, a constant. 

B B B 

Let -Jt , -2 _JL be a series of values of D, determined by experiment 

in a given bar, then 



wWi W’j «’» J 

which gives the mean value of this constant for a given bar. 

Now, for the same material and length, 

i , or D oc ^ ; (4) 

and when the section of the bar is square, 

A,orDoci (5) 

w 


If Dj be put for the value of D when then 

D=m^ 




+.-r+ 


+ 


On J 


(6) 


which expresses the mean value of the deflection for unity of pressure and 
section. This mean value, therefore, may be taken as the measure of the 
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jiexihility of the bar, or as the modulus of flexure^ since it measures the 
amount of deflection produced by a unit of pressure for a unit of section. 
Substituting this value in equation (2), we get 


E= 


V 

4D, 


(7) 


which gives the mean value of the modulus of elasticity, where is deter- 
mined from equation (6). 

The work U of deflection is expressed by the formula 


U=i X It/ X — — 
^“2^ ^12““ 24’ 


( 8 ) 


where ^ is the deflection in inches corresponding to the pressure (w) in lbs. 
If w and I be taken at, or near to the clastic limit, then this formula gives 
the work, or resistance analogous to impact, which the bar may undergo, 
without suffering any injury in its material. This formula, reduced to unity 
of section, becomes 




24K* 


(9) 


If C bo a constant, determined by experiment for the weight (W) straining 
the bar up to the limit of elasticity, so that the bar may be able to sustain 
the load without injury, then 



( 10 ) 


where C=^S, or ^ of the corresponding resistance of the material j^er square 
inch at the upper and lower edges of the section. 


_WJ_ 

"Sid' 


(11) 


When the section of the bar is a square. 


" 4#’ 


( 12 ) 


which gives the value of C, the modulus of strength^ or the unit of wovlcing 
strenyth, W being the load, determined by experiment, which strains the bar 
up to its elastic limit : this value of C gives the comparative permanent or 
working strength of the bar. 

Up to the elastic limit the deflections are proportional to their corresponding 
strains, but beyond this point the deflections increase in a much higher ratio. 
Hence the deflection corresponding to the elastic limit is the greatest deflec- 
tion which is found to follow the elastic law just explained. 

Tensile Strain, (^c. — The work u expended in the elongation of a uniform 
bar, 1 foot in length and 1 inch in section, is expressed by 


U=1 

2 


P 

K 


^-Ip I 

L“"2 


(13) 

P • I 

where Pj = —=the strain in lbs. reduced to unity of section, and 

K L 


=the corresponding elongation reduced to unity of length. 

This value of ii, determined for the different bars subjected to experiment, 
gives a comparative measure of their powers of resistance to a strain analogous 
to that of impact. 

By taking P^ to represent the crushing pressure per unity of section, and 
the corresponding compression per unity of length, the foregoing formula 
will express the work expended in crushing the bar. 



166 


report~1867. 


FIRST SERIES OF EXPERIMENTS. 

TRANSVERSE STRAIN. 

E:xperiment I. — Bar of Steel from Messrs. John Brown & Co., Sheffield. 
Dimension of bar *97 inch square. Length between supports 4 feet 
6 inches. Mark on bfir, ‘‘ B 1.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Keniarks. 

1 

50 

*088 


Specimen of best cast steel 

2 

100 

•148 


from liussian and Swedish 

3 

150 

-219 


iron. Used for turning- 

4 

200 

•283 

•004 

tools. 

5 

250 

•353 

*006 


6 

300 

*415 

•008 


7 

350 

•433 

•009 


8 

400 

•555 



9 

450 

•616 

•Oil 


10 

500 

*690 

*012 


11 

550 

*760 



12 

600 

•837 



13 

650 

*927 



14 

700 

•977 



15 

750 

1*047 



16 

800 

1*117 

•012 


17 

850 

1*187 

•015 


18 

900 

1-237 



19 

950 

1*307 

•016 


20 

1150 

1*747 

•101 


21 

1400 

— 


Sunk with this weight. 


JResults of Exp, I. 

Here the weight (w) corresponding to the limit of elasticity is 960 lbs., 
and the corresponding deflection (jS) is 1-307. See formulae of reduction, 
p. 165. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = -0012048. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 32,672,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 33,047,000. 

By formula (8). — Work of deflection (IJ) up to the limit of elasticity 
met 52*280. 

By formula (9).-^Work of deflection (u) for unity of section = 65*563. 

By formula (12). — Value of C, the unit of working strength =?= 6*326 
tons. 
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TEANSYEBSE SXBAIN. 

Exp. n.— Bar of Steel from Messrs. John Brown & Co., Sheffield. Dimen- 
sion of bar *97 inch square. Length between supports 4 feet 
6 inches. Mark on bar, B 2.’^ 


No, of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Kemarks. 

1 

60 

*088 


Specimen of best cast steel 

2 

100 

*106 


from Kussian and Swedish 

3 

150 

*236 


iron, of milder quality than 

4 

200 

*310 


No. 1 . tJsed for chisels &c. 

5 

250 

*393 



G 

300 

•462 



7 

350 

•537 



8 

400 

*614 



9 

450 

*692 

I 


10 

500 

•772 



1] 

550 

•852 



12 

GOO 

•932 



13 

G50 

1*012 



14 

700 

1-082 

*001 


15 

750 

1*172 



16 

800 

1-242 



17 

850 

1-312 

•001 


18 

900 

1-402 

*005 


]9 

950 

1-482 

•012 


20 

1150 

2-642 

*327, 

Gradually sinking with this 



1 


weight. 


Eesults of Exj^, II. 

Hero the weight (w) corresponding to the limit of elasticity is 960 lbs., 
and the corresponding deflection (S) 1-482. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (D^) = *0013377. 

By formula (7). — The mean value of tho modulus of elasticity (E) 
= 29,415,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,465,000. 

By formula (8). — ^Work of deflection (D) up to the limit of elasticity 
= 59*280. 

By formula (9). — Work of deflection (w) for unity of section = 63*003. 

By formula (12). — Value of C, tho unit of working strength = 6*326 
tons. 
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TEANSVERSE STKAliT. 

Exp. III. — ^Bar of Steel from Messrs. John Brown & Co., Sheffield. Dimen- 
sion of bar I'OOl inch square. Length between supports 4 feet 
6 inches. Mark on bar, ‘‘B 3.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks. 

1 

50 

•072 


Sjiecimen of cast steel from 

2 

100 

*134 


Swedish iron. Employed 

3 

150 

•191 


in the construction of tools, 

4 

200 

•259 


&c. 

5 

250 

•321 



6 

300 

•397 



7 

350 

•461 



8 

400 

•527 



9 

450 

•597 



10 

500 

*649 



11 

550 i 

•715 



12 

600 

*780 



13 

650 

•867 



14 

700 

•927 



15 

750 

•987 



16 

800 

1-057 



17 

850 

1-107 



18 

900 

1-107 



19 

950 

1-2-17 ' 

•000 


20 

1150 I 

1-507 

*0166 


21 

1400 

1 -887 1 

1 

•0420 

Sinking with this weight. 


lies alts of Exjy, III, 

Here the weight {w) at the limit of elasticity is 1160 lbs., and the corre- 
sponding deflection (f) is 1 *507. 

By formula (0). — The mean value of the deflection for unity of pressure 
and section (D^) = -0012891. 

Bv formula (7). — The mean value of the modulus of elasticity (E) 
= 30,550,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 32,171,000. 

By formula (8). — Work of deflection (IT) up to the limit of elasticity 
= 72-838. 

By formula (9). — Work of deflection {u) for unity of section = 72*690. 

By formula (12). — Value of C, the unit of working strength = 6*958 
tons. 
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TBAN8VEESE STRAIN. 

Exp. IV. — Bar of Steel from Messrs. John Brown & Co., Sheffield. Dimen- 
sion of bar *98 inch square. Length between supports 4 feet 6 inches. 
Mark on bar, B 4.’^ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks, 

1 

50 

•082 

.... 

Specimen of cast steel from 

2 

100 

•160 


Swedish iron, of milder 

3 

150 

•214 


quality than No. 3, Used 

4 

200 

*282 


for chisels. 

5 

250 

*348 



6 

300 

*423 

•000 


7 

350 

•494 

•004 


8 

400 

*556 

•007 


9 

450 

*618 

*008 


10 

500 

*691 



11 

550 

*755 

*009 


12 

600 

*820 



13 

650 

*908 

•Oil 


14 

700 

*978 

•012 


15 

750 1 

1-048 

•008 


16 

800 ! 

1*113 



17 

850 

1*178 



18 

i 900 

1*258 



19 

950 

1*318 

*008 


20 

1150 

1*708 

*095 


21 

1400 



^ Sunk with this weight. 


liesuUs of Exp, lY. 

Here the weight {w) at the limit of elasticity is 960 lbs., and the corre- 
ponding deflection (5) is 1*318. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (DJ = *0012581. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 29,463,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,370,000. 

By formula (8). — Work of deflection (XJ) up to the limit of elasticity 
= 52*720. 

By formula (9). — Work of deflection (u) for unity of section = 54*893. 

By formula (12).— Value of C, the unit of working strength = 6*134 
tons. 
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TRANSVERSE STRAIN. 

Exp. V. — Bar of Steel from Messrs. John Brown & Co., Sheffield. Dimen- 
sion of bar ‘98 inch square. Length between supports 4 feet 
6 inches. Mark on bar, “ B 5.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•083 


Specimen of steel cast from 

2 

100 

*149 


Swedish iron, of mild qua- 

3 

150 

*209 


lity fbr welding. 

4 

200 

•277 



5 

250 

•349 



6 

300 

•427 



7 

350 

•497 



8 

400 

•527 



9 

450 

•631 



10 

500 

•702 



11 

550 

•777 

.... 

This specimen is consider- 

12 

600 

•845 


ably more ductile than any 

13 

650 

•927 


of the previous bars expe- 

14 

700 

•997 


rimented upon. It is simi- 

15 

750 

1-057 

*000 

lar in character to that in 

16 

800 

1*127 

•003 

Exp. II. 

17 

850 

1*197 



18 

900 

1*267 

*004 


19 

950 

1-337 

•014 


20 

1150 

2-402 

•664 

The deflection continues to 





increase with this weight. 


Ilesults of Exjp. V. 

Here the weight (w) at the limit of elasticity is 960 lbs., and the corre- 
sponding deflection (^) is 1*337. 

By formula (6). — The mean value of the deflection for the unity of pressure 
and section (D^) = *0012673. 

By formula (7). — ^The mean value of the modulus of elasticity (E) 
== 29,248,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 31,510,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 53*480. " 

By formula (9). — Work of deflection for unity of section = 55*685. 

By formula (12). — Value of C, the unit of working strength = 6*134 
tons. 
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TRANSVERSE STRAIN. 

Exp, VI. — Bar of Steel from Messrs. John Brown & Co., Sheffield. Dimeii- 
sion of bar *992 inch square. Length between supports 4 feet 
6 inches. Mark on bar, “ B 6.’^ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

'070 


Bar of Bessemer steel. 

2 

100 

, *138 



3 

150 

•208 



4 

200 

•280 



5 

250 

•346 



6 

300 

•414 



7 

350 

•186 



8 

400 

•554 



9 

450 

•624 



10 

500 

*694 



11 

550 

*757 



12 

600 

•824 



13 

650 

•894 



14 

700 

•964 



15 

750 

1-024 



16 

800 

1-094 

•000 


17 

850 

1*174 

•008 


18 

900 

1-284 

*044 


19 1 

950 

1-434 

•133 

Experiment discontinued. 


Results of Eojp, VI. 

Here the weight (w) at the limit of elasticity is 860 lbs., and the cor- 
responding deflection (d) is 1-174. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (DJ = *0013024. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,224,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 32,361,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 42-068. 

By formula (9). — ^Work of deflection (u) for unity of section = 42^740. 

By formula (12). — Value of C, the unit of working strength =» 6*297 
tons. 
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TRANSVERSE STRAIN. 


Exp, YII. — Bar of Steel from Messrs. John Brown & Co., Sheffield. Dimen- 
sion of bar *978 inch square. Length between supports 4 feet 
6 inches. Mark on bar, B 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inche.s. 

Bemarks. 

1 

50 

•073 


Specimen of double shear 

2 

100 

•141 


steel from Swedish bar. 

3 

150 

•215 



4 

200 

•281 



5 

250 

•355 



6 

300 

•425 



7 

350 

•493 



8 

400 

•565 



9 

450 

•630 



10 

500 

•703 



11 

550 

•775 



12 

600 

•855 



13 

650 

•925 



14 

700 

1-015 



15 

750 

1-065 


The experiments in this and 

16 

800 

1-145 

•000 

the two next Tables were 

17 

850 

1-225 

•005 

made for comparison with 

18 

900 

1-325 

•031 

Exp. VI. 

19 

950 

1*535 

•142 



Remits of Eccp, VII. 

Here the weight {w) at the limit of elasticity is 860 lbs., and the corre- 
sponding deflection (^) is 1-225. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (DJ = *0012643. 

By formula (7). — The mean value of the modulus of elasticity tE) 
= 31,135,000. 

By formula (2), — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 33,523,000. 

By formula (8). — Work of deflection (XJ) up to the limit of elasticity 
= 43-900. 

By formula (9). — Work of deflection (w) for unity of section = 45*897. 

By formula (12). — ^Yalue of C, the unit of working strength = 5*527 
tons. 
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TRANSVERSE STRAIN. 

Exp. VITI. — Bar of Steel from Messrs. John Brown Co., Sheffield. Di- 
mension of bar -986 inch square. Length between supports 4 feet 
6 inches. Mark on bar, “ B 8.’^^ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

*069 


♦Specimen of “ Eoreign Bar,’^ 

2 

100 

•143 


not melted, but tilted direct 

3 

150 

*204 


from the ingot. 

4 

200 

•273 



5 

250 

•340 



6 

300 

•418 



7 

350 

•485 



8 

400 

•550 



9 

450 

-623 ! 



10 

500 

•700 



11 

550 

•777 ! 


1 

12 

600 

•850 



13 

650 

•930 



14 

700 

•990 



15 

750 

1-050 



16 

800 

1-130 



17 

850 

1*210 

•000 


18 

900 

1-310 

•017 


19 

950 

1-430 

•059 



Results of Exp, Till. 

Here the weight (?(») at the limit of elasticity is 860 lbs., and the cor- 
responding deflection (^) is 1-210. 

By formula (6).-— The mean value of the deflection for unity of pressure 
and section (D^) = *0012803. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 29,335,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 30,686,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
«= 43-358. 

By formula (9). — Work of deflection (w) for unity of section = 44*598. 

By formula (12). — ^Yalue of C, the unit of working strength = 5-394 
tons. 
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TRANSVERSE STRAIN. 

Exp. IX. — Bar of Steel from Messrs. John Brown & Co., Sheffield. Dimen- 
sion of bar 1 inch square. Length between supports 4 feet G inches. 
Mark on bar, ‘‘ B 9.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•07G 


Specimen of (JB) bar. Eng- 

2 

300 

•lao 


lish tilted steel made from 

3 

150 

*206 


English and foreign pigs. 

4 

200 

•270 



5 

250 

•318 



6 

300 

•380 



7 

350 

*450 



8 

400 

*53 6 



9 

450 

*570 



10 

500 

*640 



11 

550 

*700 



12 

600 

*780 



13 

650 

*840 



14 

700 

*900 

.... 

It will be observed that the 

15 

750 

*960 


value of C, formula (12) of 

16 

800 

1*020 

*008 

this experiment, is lower 

17 

850 

1*100 


than those of Exp. YI., 

18 

900 

1*180 

*024 

YII., and YIII. 

19 

950 

1*300 

*083 



Results of Ea'p. IX. 

Here the weight (te) at the limit of elasticity is 860 lbs., and the corre- 
sponding deflection (^) is I'lOO, 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj)=: *001258. 

By formula (7). — The mean value of the modulus of elasticity (E) 
*= 31,292,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure «= 31,833,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 

39-416. 

By formula (9). — ^Work of deflection (??) for unity of section = 39‘416. 

By formula (12). — Yalue of C, the unit of working strength = 5*170 tons. 
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Exp. X. — Bar of Steel from Messrs. Charles CammeU <fc Co., Sheffield. 
Dimension of bar 1*054 inch square. Length between supports 4 
feet 6 inches. Mark on bar, 


No. of 
Exi3. 

Weight laid 
on, in 
lbs. 

Deflection, 

inches. 

Permanent 
set, in 
inches. 

Kemarks. 

1 

50 

•064 


Specimen of cast steel, termed 

2 

100 

•117 


“ Diamond Steel. 

8 

150 

•172 



4 

200 

•225 



5 

250 

•273 



6 

300 

•838 



7 

350 

•882 



8 

400 

•427 



9 

450 

*476 

•000 


10 

500 

•534 

•006 


11 

550 

•585 



12 

600 

•632 



18 

650 

•687 



14 

700 

•741 



15 

750 

•801 



IG 

800 

•860 

.... 

This is a remarkably fine 

17 

850 

•982 


specimen of flexible steel ; 

18 

900 

•982 

•006 

highly elastic. 

19 

950 

1*042 

•on 


20 

1000 ! 

1*092 

•019 


21 

1050 

1-162 



22 

1100 

1-192 



23 

1150 

1-212 



24 

1200 

1-302 

•022 


25 

1250 

1-862 



26 

1300 

1-372 



27 

1850 

1-452 



28 

1400 

1-512 



29 

1450 

1*562 

•028 


80 1 

1500 

1*662 

•028 


31 1 

1550 

1*712 

•059 


32 

1600 

1-882 

•065 


83 

1654 

1-922 

•120 


84 

1710 

2-062 ^ 

•189 


85 

1766 

2*802 

•356 


86 

1822 

2*662 

•546 


87 

1878 

8*042 

•800 


88 

1984 

8 782 

1-302 

Sinking with this load. 


llesults of Ea*p. X. 

Here the weight at the litnit of elasticity is 1460 lbs , and the corresponding deflec- 
tion (^) is 1*^2. formula (6). — ^The mean value of the deflection for unity of pres- 
sure and section (Di) i= 0013081 By formula (7) — ^The mean value of the modulus of 

elasticity (E) = 30,088,000. By formula (2). — The modulus of elasticity (E) corre- 

sponding to 112 lbs. pressure 29,996,000. By formula (8) — Work of deflection (XJ) 

for unity of section « 95*000. By formula (9). — Work of deflection {u) for unity of sec- 
tion « ^*515.— By formula (12). — ^Value of C, the unit of working sir^th= 7*504 tonsv 
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Exp. XI. — Bar of Steel from Messrs. Charles Cammell & Co., Sheffield. 
Dimension of bar 1*104 inch square. Length between supports 4 
feet 6 inches. Mark on bar, “ 2.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inche**. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•0C4 


Hpecimen of steel termed 

2 

100 

•120 


“ Tool Steel.” 

3 

150 

•174 



4 

200 

•232 



5 

250 

•287 



6 

300 

•324 



7 

350 

•396 



8 

400 

•437 



9 

450 

•500 



10 

500 

•563 



11 

550 

•624 



12 

600 

•665 



13 

650 

•718 



14 

700 

•776 



15 

750 

•834 



16 

800 

•884 



17 

850 

•944 



18 

860 

•964 

.... 1 This appears to be a supe- 

19 

890 

•994 


rior quality of steel, well 

20 

920 

1-024 


adapted for the purpose 

21 

950 

1-054 


for which it was manufac- 

22 

990 

1-094 


tured. 

23 

1010 

1-134 



24 

1040 

1-164 



25 

1070 

1-194 



26 

1100 

1-224 



27 

1130 

1-254 



28 

1160 

1-284 



29 

1200 

1-314 



30 

1230 

1-374 



31 

1260 

1-404 



32 

1300 

1-414 



33 

1350 

1-524 



34 

1400 

1-614 

•000 


35 

1450 

1-684 

•010 


36 

1500 

1-784. 

•019 


37 

1550 

1-854 

•059 


38 

1600 

1-864 

•137 


39 

1654 

1-964 

•306 



Results of Exp, XI. 

Here the weight {w) at the limit of elasticity is 1460 lbs., and the corresponding deflection 

(d) is 1*684. By formula (6). — The mean value of the deflection for unity of pressure 

and section (Bi) = -001637. By formula (7). — The mean value of the modulus of elas- 

ticity (E) = 22,965,000. By formula (2). — The modulus of elasticity (E) corresponding 

to 112 lbs. pressure = 24,288,000. By formula (8). — Work of deflection (U) up to the 

limit of elasticity = 102-443. ^By formula (9). — Work of deflection (u) for unity of sec- 

nTr ^VnlnArtfn fliAiiTiif nf Wfirtino* flfrAncrfli = l^'QfViinna- 
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TRANSVERSE STRAIN. 

Exp. XII. — Bar of Steel from Messrs. Charles CammeU & Co., Sheffield. 
Dimension of bar *994 inch square. Length between supports 
4 feet C) inches. Mark on bar, “ 3.^’ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•076 


Specimen of cast steel, termed 

2 

100 

•141 


« Chisel Steel.’’ 

3 

150 

•202 



4 

200 

•268 



5 

250 

*330 



6 

300 

•398 



7 

350 

•464 



8 

400 

•522 



9 

450 

•634 



10 

500 

*653 



11 

550 

•726 



12 

600 

•804 



13 

650 

•864 



14 

700 

*924 


This is a description of steel 

15 

750 

1*004 


similar to that in Exp. 

16 

800 

1*064 


XI., but more ductile. 

17 

850 

1*104 



18 

900 

1*194 

•000 


19 

950 

1*244 

*001 


20 

1000 

1*274 



21 

1050 

1*347 

*002 


22 

1100 

1-454 

*007 


23 

1150 

1*504 

*014 


24 

1200 

1*594 

*022 


25 

1300 

1*924 

•165 


26 

1380 

1 2*484 

•589 


27 

1400 

2*884 

•898 


28 

1430 

3*114 

1*076 


29 

1450 

3*294 

1*285 



Results of Exp, XII. 

Here the weight {w) at the limit of elasticity is 1210 lbs., and the corre- 
sponding deflection (5) is 1*594, 

By formula (6). — The mean value of the deflection for unity of pressure 

and section (Dj) = *0012612. , . . -r, 

By formula (7). — ^The mean value of the modulus of elasticity (E) 

31,212,000. 

By formula (2).— The modulus of elasticity (E) corresponding to 112 lbs. 

prossure=31,474,000. , .. 

By formula (8), — ^Work of deflection (TJ) up to the limit of elasticity 

= 77*864. 

By formula (9). — ^Work of deflection (u) for unity of section = 78*825. 

By formula (12).-— Value of C, the unit of working strength = 7*413 tons. 
1867. o 
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REPOET 1867. 


TBANSVEBSE STRAIir. 

Exp. XIII. — Bar of Steel from Messrs. Charles Cammell & Co., Sheffield. 
Dimension of bar 1*04 inch square. Length between supports 
4 feet 6 inches. Mark on bar, ‘‘ 4.’’ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks. 

1 

50 

•068 


Specimen of cast steel, termed 

2 

100 

•125 


Double Shear Steel.’^ 

3 

150 

•179 



4 

200 

•239 



5 

250 

•298 



6 

300 

•346 



7 

350 

•389 



8 

400 

•456 



9 

450 

•508 



10 

, 500 

•568 



11 

550 

•626 



12 

600 

•693 



13 

650 

•740 

•000 


14 

700 

•797 

•001 


15 

750 

•850 



16 ! 

800 

•936 

•002 


17 

850 

•996 

•003 


18 

900 

1*056 



19 

950 

1*106 

*003 


20 

1150 

1*946 

•106 


21 

1400 

3*536 

1 

1-695 

Sunk with this weight. 


Results of Eaj), XIII. 

Here the weight (w) at the limit of elasticity is 960 lbs., and the corre- 
sponding deflection (S) is 1*106. 

By formula (6). — mean value of the deflection for unity of pressure 
and section (D^) = *0013254. 

By formula (7). — The mean value of the modulus of elasticity (E) 
•= 29,700,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 30,126,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
:= 44*240. 

By formula (9). — Work of deflection (tt) for unity of section = 40*903. 

• By formula (12). — Value of C, the unit of working strength = 5*132 tons. 
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TEINSVBESE STKIIN. 

Exp. XI V. — Bar of Steel from Messrs. Charles Cammell & Co., Sheffield. 
Pimension of bar 1*02 inch square. Length between supports 
4 feet 6 inches. Mark on bar, 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•060 


Bar of hard Bessemer steel. 

2 

100 

*120 



3 

150 

*169 



4 

200 

*228 



5 

250 

*288 



6 

300 

•350 



7 

350 

*425 



8 

400 

*487 



9 

450 

•550 


This metal is of nearly the 

10 

500 

*604 


same quality as that in 

11 

550 

•664 


Exp. VI. 

12 

600 

•733 



13 

650 

•780 

•000 


14 

700 

•880 

•004 

1 

15 

750 

•940 

•oil 

1 

16 

800 

1*000 

•oil 

i 

17 

850 

1*060 

i -018 

1 

18 

900 

1*140 

•028 

[ 

19 

950 

1*270 

•083 



Results of Exp. XIY . 

Here the weight {ui) at the limit of elasticity is 810 lbs., and the corre- 
sponding deflection (3) is 1*000. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0012805. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,742,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 33,205,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
= 33*750. 

By formula (9). — Work of deflection (ti) for unity of section = 32*439. 

By formula (12). — Value of C, the unit of working strength = 4*588 tons. 


o2 
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REPORT — 1867. 


TRANSVERSE STRAIN. 

Exp. XV. — Bar of Steel from Messrs. Charles Cammell & Co., Sheffield. 
Dimension of bar *992 inch square. Length between supports 
4 feet 6 inches. Mark on bar, 6.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•077 

.... 

Bar of soft Bessemer steel. 

2 

100 

•142 



3 

150 

*208 



4 

200 

*280 



5 

250 

*343 



6 

300 

•427 



7 

350 

•481 



8 

400 

•544 



9 

450 

•615 



10 

500 

•673 

•000 


11 

550 

•739 

•001 

This bar is much more duc- 

12 

600 

*818 


tile than those previously 

13 

650 

•888 


experimented upon. 

14 

770 

1*052 

•001 


15 

800 

1*098 



16 

850 

1*188 

•094 1 


17 

860 

1*228 



18 

890 

1*248 

•104 


19 

900 

1*318 



20 

920 

1*358 

•160 


21 

950 

2*898 

1*588 



Resvlts of Exjp, XY. 

Here the weight {w) at the limit of elasticity is 810 lbs., and the cor- 
responding deflection, (f) is 1*098. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (Di)= *0012995. 

By formula (7). — The moan value of the modulus of elasticity (E) 
pressure=30,291,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure =31,056,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
=37*057. 

By formula (9). — ^Work of deflection (tt) for unity of section =37*657. 

By formula (12). — ^Yalue of C, the unit of working strength=4*988 tons. 
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TRANSVERSE STRAIN. 

Exp. XVI. — Bar of Steel from Messrs. Xaylor & Vickers, Sheffield. 
Dimension of bar ] inch square. Length between supports 4 feet 
6 inches. Mark on bar, Axle Steel. 


No, of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•072 


Specimen of cast steel, con- 

2 

100 

*140 


verted in the crucible 

3 

150 

*200 


from bar -iron with the 

4 

200 

•261 

•000 

addition of manganese. 

5 

250 

*340 



6 

300 

•404 



7 

350 

•460 



8 

400 

*522 



9 

450 

•580 



10 

500 

*648 

*010 


11 

550 

! -700 



12 

GOO 

•780 



13 

650 

*840 


From this experiment it 

14 

700 

*900 


would appear that man- 

15 

750 

*950 


ganese has a considerable 

16 

800 

1*020 

*016 

effect in combination with 

17 

1 850 

1*090 


the other constituents of 

18 

900 

1*180 

*018 

steel. 

19 

950 

1*250 

•046 


20 

1000 

1*370 



21 

1050 

1*620 



22 

1100 

3*380 

1*915 

Sunk with this weight. 


Bemlts of Eci'p, XYI. 

Here the weight {w) at the limit of elasticity is 910 lbs., and the cor- 
responding deflection (^) is 1-180. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (Dj)= *001273. 

By formula (7). — The mean value of the modulus of elasticity (E) 
=30,923,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 30,940,000. 

By formula (8).— Work of deflection (U) up to the limit of elasticity 
:^44-741. 

By formula (9). — ^Work of deflection (it) for unity of section =44* 741. 

By formula (12),— Value of C, the unit of working strength =5*472 tons. 
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RBPOET 1867. 


TEANSVEBSE STEAIN. 

Exp. XYII. — Bar of Steel from Messrs. Xaylor & Vickers, Sheffield. Di- 
mension of bar *998 inch square. Length between supports 4 feet 
6 inches. Mark on bar, Tyre Steel.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks. 

1 

50 

*087 


Specimen of cast steel, con- 

2 

100 

*157 


verted in the crucible from 

3 

150 

*219 


bar -iron with the addi- 

4 

200 

•287 

•002 

tion of manganese. 

5 

250 

•342 



6 

300 

•412 



7 

350 

•475 



8 

400 

•547 



9 

450 

•591 



10 

500 

•667 

•015 


11 

550 

•732 



12 

600 

•797 



13 

650 

•857 



14 

700 

•927 



15 

750 

•987 

*023 


16 i 

800 

1-057 



17 

850 

1-117 



18 

900 

1-197 

*027 


19 

950 

1-287 

•038 


20 

1000 

1-367 

•074 


21 

1050 

1-537 



22 

1100 

2-697 

1*192 



Results of Eoop, XYII. 

Here the weight (w) at the limit of elasticity is 910 lbs., iind the corre- 
sponding deflection (^) is 1*197. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (Dj) = *0013124. 

By formula (7). — The mean value of the modulus of elasticity (E) 
=29,994,000. 

By formula (2). — The modulus of elasticity (E) cwresponding to 112 lbs. 
pressure = 27,847,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
os 40*025. 

By formula (9). — Work of deflection (u) for unity of section =■ 40*184. 

By formula (12). — Value of C, the unit of working strength =5*505 tons. 





ON THE MECHANICAL PROPBETIES OF STEEL- 


188 


TKANSVEE8E STRAIN. 

Exp. XYIII. — Bar of Steel from Messrs. Xaylor & Vickers, Sheffield. 
Dimension of bar 1*026 inch square. Length between supports 
4 feet 6 inches. Mark on bar, Vickers’ Cast Steel, Special.” 


No, of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

l^ermanent 
set, in 
inches. 

Remarks. 

1 

100 

*133 


Specimen of cast steel, con- 

2 

200 

•253 


verted in the crucible from 

3 

300 

*363 


bar-iron with the addition 

4 

400 

•485 


of manganese. 

5 

500 

■599 



6 

600 

•711 



7 

700 

•828 



8 

800 

•983 



9 

900 

1*163 

•000 


10 

950 

1*213 

*000 

The bar in this and the 

11 

1150 

1*393 


following oxjieriment in- 

12 

1250 

1*523 


dicate a fine quality of 

13 

1400 

1*693 

•016 

metal, and great powers 

14 

1500 

1*183 


of resistance to a trans- 

15 

1600 

1*973 


verse strain. 

16 

1712 

2-133 

•072 



EesuUs of Ex 2 i. XVIII. 

Hero the weight (?c) at the limit of elasticity is 1410 lbs., and the cor- 
responding deflection (/^) is 1*693. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^)= *0013386. 

By formula (7). — The mean value of the modulus of elasticity (E) 
=29,407,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 11 2 lbs. 
l^ressure =29,385,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
=99*463. 

By formula (9). — Work of deflection {u) for unity of section =94*485. 

By formula (12). — Value of C, the unit of working strength =7*856 tons. 
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report — 1867. 


TRANSVERSE STRAIN. 


Exp. XIX.— Bar of Steel from Messrs. Naylor & Vickers, Sheffield. Di- 
mensions of bar 1*01 inch square. Length between supports 4 
feet 6 inches. Mark on bar, ** Naylor & Yickers’ Cast Steel, 2-66.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•076 


Specimen of cast steel, con- 

2 

100 

*140 


verted in the crucible 

3 

150 

•195 


from bar-iron with the 

4 

200 

•257 

-000 

addition of manganese. 

5 

250 

•313 



6 

300 

•372 



7 

350 

•440 



8 

400 

*500 



9 

450 

•560 



10 

500 

•620 

•008 


11 

550 

•678 



12 

600 

•737 



13 

650 

•800 



14 

700 

*870 



15 

750 

•940 



16 

800 

1-000 

•010 


17 

850 

1-050 



18 

900 

1-120 

•014 

This bar is similar to the 

19 

950 

1-190 

•017 

foregoing, but less rigid. 

20 

1000 

1-250 



21 

1050 

1-310 



22 

1100 

1-370 



23 

1150 

1-440 



24 

1200 

1-500 



25 

1250 

1-570 

•017 


26 : 

1400 

1-850 



27 1 

1500 

2-310 

•353 


28 1 

1585 

2-650 



29 i 

1637 

3-350 

1-020 



Results of Exp. XIX. 

Here the weight (w) at the limit of elasticity is 1260 lbs., and the cor- 
responding deflection (^) is 1-570. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (1)^)= *0012789. 

By form^a (7). — The mean value of the modulus of elasticity (E) 
=30,788,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,752,000. 

By formula (8). — Work of deflection (IT) up to the limit of elasticity 
=82-412. 

By formula (9). — Work of deflection (u) for unity of section =80 *788. 

By formula (12). — Yalue of C, the unit of working strength =7*358 tons. 
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TRANSVERSE STRAIN. 


Exp. XX. — Bar of Steel from Mr. S. Osborn, Clyde Works, Shefifteld, Di- 
mension of bar 1*038 inch square. length between supports 4 feet 
6 inches. Mark on bar, 1. Best Tool Cast Steel, 0=— 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

•140 


Specimen of turning - tool 

2 

200 

*252 

*010 

cast steel. 

3 

300 

*364 



4 

350 

•424 



5 

400 

•482 

*017 


6 

450 

*540 



7 

500 

*600 

*020 


8 

550 

•666 



9 

600 

•727 



10 

650 

•787 



11 

700 

•844 



12 

750 

•904 



13 j 

800 

•964 

•034 


14 1 

850 

1*044 



15 

900 

1*094 



16 

950 

1*144 

•035 


17 

1000 

1*204 



18 

1050 

1*274 



19 

1100 

1*324 

*059 


20 

1200 

1*474 

*076 


21 

1300 

1*684 



22 

1350 

2*044 

*343 


23 

1400 

2*344 



24 ' 

1450 

2*654 



25 

1500 

3*034 

1*001 

Sinking under this load. 


Jiesults of Exp, XX. 

Here the weight {w) at the limit of elasticity is 1010 lbs., and the cor- 
responding deflection (^) is 1*204. 

By formula (0). — The mean value of the deflection for unity of pressure 
and section (Di)= *0013880. 

By formula (7). — The mean value of the modulus of elasticity (E) 
==28,353,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure =26,689,000. 

By formula (8). — Work of deflection (D) up to the limit of elasticity 
=50*668. 

By formula (9). — Work of deflection for unity of section =48*813. 

By formula (12). — Value of C, the unit of working strength =5*432 tons. 
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BEPOBT 1867. 


TBAKSVEESE STBAIN, 

Exp. XXI.— Bar of Steel from Mr. S. Osborn, Clyde Works, Sheffield. Di- 
mension of bar 1-01 x 1*014 inch. Length between supports 4 feet 
6 inches. Mark on bar, 2. Best Chisel Cast Steel.’’ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eeinarks. 

1 

100 

•]3C 


Specimen of best cast steel 

2 

200 

•260 

*002 

for cold- chipping chisels. 

3 

300 

*382 



4 

400 

•508 



6 

500 

•628 

*009 


6 

600 

•712 



7 

700 

*836 



8 

800 

*978 

•010 


9 

850 

1*068 



10 

900 

1*138 

^ -008 


11 

950 

1*198 

•013 


12 

1000 

1*248 



13 

1050 

1*318 


This bar is close ground and 

14 

1100 

1*388 

1 *029 

well adapted for tools. 

15 

1150 

1-448 



16 

1200 

1*538 



17 

1250 

1*648 



18 

1300 

1*808 



19 

1350 

2*028 



20 

1400 

2*328 

•471 


21 

1450 

2*588 



22 

1500 

3*058 

*970 

Sunk under this weight. 


Results of Exp. XXI. 

Hero the weight (w) at the limit of elasticity is 1110 lbs., and the cor- 
responding deflection (5) is 1*388. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and seetion (Dj)= *001278. 

By formula (7). — The mean value of the modulus of elasticity fE) 
=30,802,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure= 30,523,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 64‘195. 

By formula (9). — ^Work of deflection {u) for unity of section = 62*684. 

By formula (12). — Yalue of C, the unit of working strength = 6*400 tons. 
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TKANSVEESE STEAIN. 


Exp. XXII. — Bar of Steel from Mr. S. Osborn, Clyde Works, Sheffield. 
Dimension of bar 1*09 inch square. Length between supports 
4 feet 6 inches. Mark on bar, 3. Silver Steel, 0=m 


No. of 
Exp. 

Weight {laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eemarks. 

1 

]00 

•139 


Specimen of best east steel 

2 

200 

•266 

•007 

for hot and cold sates- 

3 

300 

•387 


cups, shear-blades, and 

4 

350 

*458 


boiler-makers’ steel. 

5 

400 

•520 

*014 


6 

450 

•576 



7 

500 

*636 

•014 


8 

550 

•701 



9 

600 

•760 



10 

650 

*840 



11 

700 

•910 

•014 


12 

750 

•950 



13 i 

800 

1-010 

•019 


14 i 

850 

1*090 



15 1 

900 

1*150 



16 

950 

1*230 

•019 


17 

1000 

1*290 



18 

1050 

1*370 



19 

1100 

1*500 

•075 


20 

1150 

1*660 



21 

1200 

1*910 

•314 


22 1 

1250 

2*210 



23 1 

1300 

2*760 

•931 

Yielded with this weight. 


Results of Eoop. XXII. 

Hero the weight (iv) at the limit of elasticity is 1010 lbs,, and the cor- 
responding deflection (^) is 1*290. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (DJ = *0017814. 

By formifla (7). — ^The mean value of the modulus of elasticity (E) 
= 22,098,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 22,072,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 54*287. 

By formula (9). — Work of deflection (tc) for unity of section = 47*845. 

By formula (12). — ^Value of C, the unit of working strength =s 4*691 tons. 
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BEPORT 1867. 


TRANSYEESE STRAIIf. 

Exp. XXIII. — Bar of Steel from Mr. S. Osborn, Clyde Works, Sheffield. 
Dimension of bar *994 x 1*006 inch. Length between supports 
4 feet 6 inches. Mark on bar, 4. Improved Die Steel, 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

*144 


Specimen of best cast steel 

2 

200 

•284 

•010 

for taps and dies. 

3 

300 

•408 



4 

350 

*472 



5 

400 ^ 

•538 

•oil 


6 

450 

•600 



7 

500 

•672 



8 

550 

•748 



9 

600 

•804 



10 

650 

•894 



11 

700 

*954 

•012 


12 

800 

1*074 

•016 

Specimen of steel similar to 

13 

850 

1*154 


the last. 

14 

i 900 

1*214 1 

*018 


15 

950 

1*264 

•025 


16 

1000 

1*344 



17 

1050 

1*434 



18 

1100 

1*544 

•091 


19 

1150 

1*694 



20 

1200 

1*934 



21 

1250 

2*474 

*688 

Sunk with this weight. 


Besults of Exp, XXIII. 

Here the weight (w) at the limit of elasticity is 1010 lbs., and the cor- 
responding deflection (^) is 1*344. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0013409. 

By formula (7). — ^The mean value of the modulus of elasticity (E) 
= 29,368,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,718,000. 

By formula (8). — Work of deflection (D) up to the limit of elasticity 
= 56*433. 

By formula (9). — ^Work of deflection {u) for unity of section = 56*435. 

By formula (12). — Value of C, the unit of working strength = 6*037 tons. 
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TRANSVERSE STRAIN. 

Exp. XXIV. — Bar of Steel from Mr. S. Osborn, Clyde Works, Sheffield. 
Dimension of bar 1*03 inch square. Length between supports 4 feet 
6 inches. Mark on bar, 5. Toughened Cast Steel for Shafts, &c.’’ 


No. of 
Eip. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•072 


Specimen of toughened cast 

2 

100 

•130 


steel for shafts, piston- 

3 

150 

•185- 


rods, and machinery pur- 

4 

200 

•238 

•010 

poses. 

5 

250 

*298 



6 

300 

•358 



7 

350 

•414 



8 

400 

•474 



9 

450 

*532 



10 

500 

•586 

•014 


11 

550 

*642 



12 

600 

•700 

i 

An average quality, suitable 

13 

650 

•764 


for general purposes. 

14 

700 

•818 



15 

750 

•900 



16 

800 

•940 



17 

850 

1-030 



18 

900 

1-080 

•009? 


19 

950 

1-140 

•009? 


20 

1000 

1-190 



21 

1050 

1-270 



22 

1100 

1-330 



23 

1150 

1-420 



24 

1200 

1-560 

•152 


25 

1300 

2-880 

1-259 



Results of Exj>, XXIV. 

Here the weight (w) at the limit of elasticity is 1010 lbs., and the cor- 
responding deflection (c) is 1-190. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0013112. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 26,398,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,610,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
« 50-079. 

By formula (9). — ^Work of deflection (w) for unity of section =5 53*194. 

By formula (12). — Value of C, the unit of working strength = 5*559 tons. 
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REPORT — 1867. 


TRAKSTEB0E STRAIN. 

Exp. XXV. — Bar of Steel from Mr. S. Osborn, Gyde Works, ShefSield. Di- 
mension of bar 1*04 inch square in centre. Length between supports 
4 feet 6 inches. Mark on bar, 6. Double Shear Steel, 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 


•346 

•007 

Specimen of best double 

2 


•572 

•020? 

shear steel. 

3 


•625 



4 


*682 

•018 


5 

650 

•737 



6 


•802 



7 

750 

•872 



8 


•942 

•030 


9 


1*012 


i 


900 


•051 

1 

11 

950 

1-152 

•074 


12 


1*272 



13 


1*432 



14 


1*562 

•321 


15 

1150 

1-892 

•547 


16 

1200 

2*362 

•920 



Results of Eocjo. XXV. 

Here the weight (w) at the limit of elasticity is 860 lbs, and the cor- 
responding deflection (d) is 1*012. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0016881. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 23,319,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 23,948,000. 

By formula (8). — Work of deflection (TJ) up to the limit of elasticity 
= 31*792. 

By formula (9). — Work of deflection (u) for unity of section = 29*393. 

By formula (12). — Value of C, the unit of working strength = 4*329 tons. 
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TRANSVERSE STRAIN. 


Exp. XXVI. — Bar of Steel from Mr. S. Osborn, Clyde Works, Sheffield. 
Dimension of bar 1*02 inch, in middle. Length between supports 
4 feet 6 inches. Mark on bar, 7. Extra Best Tool Cast Steel, 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks. 

1 

100 

*143 


Specimen of extra best cast 

2 

200 

*265 

*007 

steel for turning-tools. 

3 

300 

*388 


wheel- axles, &c. 

4 

400 

*503 

*010 


5 

450 

•576 



6 

500 

•627 



7 

550 

*683 



8 

600 

*748 



9 

650 

*823 



10 

700 

*883 



11 

750 

*943 


This is a superior quality. 

12 

800 

1*013 


well adapted for axles. 

13 

850 

1*083 



14 

900 i 

1*143 

*009 


15 

950 

1*203 

*009 


16 

1000 

1*263 



17 

1050 

1*313 



18 

1100 

1*363 

•029 


19 

1150 

1*443 



20 

1200 

1*503 

*025 


21 

1250 

l*e553 



22 

1300 

1*643 



23 

1350 

1*743 



24 

1400 

1*803 

*055 


25 

1450 

1*913 



26 

1500 

2*103 



27 

1550 

2-323 



28 

1600 

2*653 



29 

1650 

3*153 

*824 

Sunk with this weight. 


liesulfs of Eaj>. XXYI. 

. Here the weight (w) at the limit of elasticity is 1210 lbs., and the cor- 
responding deflection (^) is 1*503. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) == *001348. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 29,188,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 28,013,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
= 75*776. 

By formula (9). — Work of deflection for unity of section = 72*826. 
By formula (12).— Value of C, the unit of working strength = 6*860 tons. 




192 


REPORT — 1867 . 


TRANSYERSE STRAIN. 

Exp. XXVII, — Bar of Steel from Mr. S. Osborn, Clyde Works, Sheffield. 
Dimension of bar 1*006 inch square in centre. Length between 
supports 4 feet 6 inches. Mark on bar, 8. Cast Steel for Boiler 
Plates, 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

I Permanent 
set, in 
inches. 

Remarks. 

1 

100 

*143 


Specimen of cast steel for 

2 

200 

•266 

•012? 

boiler plates. 

3 

300 

*390 



4 

400 

•500 



6 

500 

•630 



6 

550 

*693 



7 

600 

•751 

•010 


8 

650 

•823 



9 

700 

*900 



10 

750 

*960 


It is assumed that this bar 

11 

800 

1*020 

•016 

has been taken from the 

12 

850 

1*120 


ingot intended for boiler 

13 

900 

1*180 

•013 ? 

plates. 

14 

950 

1*250 

•021 


15 

1000 

1*320 



16 

1050 

1*390 



17 

1100 

1*450 

•063 


18 

1150 

1*550 



19 

1200 

2*000 

•430 


20 

1250 

2*240 



21 

1300 

3*160 

1-399 

Disabled with this weight. | 


Results of Exp, XXVII. 

Here the weight {w) at the limit of elasticity is 1010 lbs., and the cor- 
responding deflection (1) is 1*320. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj) = *0013007. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,335,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure 29,585,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
= 50-000. 

By formula (9). — ^Work of deflection {%) for unity of section = 49*406, 

By formula (12). — Value of C, the unit of working strength = 5*671 tons. 
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TRANSVERSE STRAIN. 

Exp. XXYIII. — Bar of Steel from Messrs. Bessemer &; Co., Sheffield. Di- 
mension of bar *99 inch square. Length between supports 4 feet 
6 inches. Mark on bar, B S 1.’’ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

•155 


Specimen of hard Bessemer 

2 

200 

*294 

*010 

steel. 

3 

300 

*434 



4 

400 

•570 



5 

500 

•710 

*012 


6 

600 

•840 



7 

700 

•980 

•010 


8 

750 

1*050 



9 

800 

1*090 



10 

850 

1*170 

.... 

This is a valuable quality of 

11 

900 

1*250 


metal. 

12 

950 

1*320 

•010 


13 

1000 

1*390 



14 

1050 

1*450 



15 

1100 

1*530 

•023 


16 

1200 

1*690 

*060 


17 

1300 

1*990 

•165 


18 

1350 

2*180 



19 

1400 

2*520 

•519 


20 

1450 

3*660 

1*450 

Disabled with this weight. 


Results of Eoop, XXYIII. 

Here the weight {w) at the limit of elasticity is 1110 lbs., and the cor- 
responding deflection (h) is 1*530. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0021814. 

By formula (7). — ^The mean value of the modulus of elasticity (E) 
= 29,652,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,104,000. 

By formula (8). — Work of deflection (TJ) up to the limit of elasticity 
*= 70*762. 

By formula (9). — Work of deflection (u) for unity of section = 72*199. 

By formula (12), — ^Yalue of C, the unit of working strength sa 6*882 tons. 


p 
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EIPOET — 1867. 


TEANSVERSE STRAIN. 

Exp. XXIX. — Bar of Steel from Messrs. Bessemer & Co., Sheffield. Dimen- 
sion of bar 1 X 1*02 inch. Length between supports 4 feet 6 inches. 
Mark on bar, “B S 2.’’ 


ISTo. of 

Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Pemarks. 

1 

100 

•144 


Specimen of milder Besse- 

2 


*274 

•02i 

mer steel than Xo. 1. 

3 


*305 



4 


*466 



5 


•590 



6 


•716 



7 


*850 



8 

750 

*910 



9 

800 

•970 

*030 


10 

850 

1*020 



11 

900 

1-110 

*034 


12 

950 

1*270 

*047 


13 

1000 

1*340 



14 

1050 

1*540 



15 

1100 

2*98 

1*505 



Results of Exjp. XXIX. 

Here the weight (w;) at the limit of elasticity is 910 lbs., and the cor- 
responding deflection (^) is 1*110. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0012946. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,478,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 28,379,000. 

By formula (8). — "Work of deflection (U) up to the limit of elasticity 
= 42*087. 

By formula (9). — Work of deflection (u) for unity of section = 41*261. 

By formula (12). — Value of C, the unit of working strength =5*317 tons. 



ON THE MECHANICAL PROPERTIES OF STEEL. 


19& 


TRANSVERSE STRAIN. 

Exp, XXX. — Bar of Steel from Messrs. Bessemer & Co., Sheffield. Dimen- 
sion of bar *957 X *966 inch. Length between supports 4 feet 6 
inches. Mark on bar, “ B S 3.” 


No of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

•176 


Specimen of soft Bessemer 

2 

200 

•328 

•006 

steel. 

3 

300 

•479 



4 

400 

•628 

•009 


5 

450 

•704 



6 

500 

•788 

*014 


7 

GOO 

•944 



8 

650 

1-034 



9 

700 

1*094 

•026 


10 

750 

1*204 



11 

800 

1-454 

•237 

This bar is much inferior to 





the two preceding ones. 


Besxdts of Exp, XXX. 

Hero the weight (it;) at the limit of elasticity is 710 lbs., and the cor- 
responding deflection (^) is 1*094. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj)= *0015293. 

By formula (7). — The mean value of the modulus of elasticity (E) 
=29,310,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pre88ure=28,536,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
=32*364. 

By formula (9). — Work of deflection (tt) for unity of section =35*008. 

By formula (12). — Value of C, the unit of working strength =4* 778 tons. 
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TRANSVERSE STRAIN. 


Exp. XXXI. — Bar of Steel from Messrs. Sanderson Brothers, Sheffield. 
Dimension of bar 1*048 inch square. Length between supports 
4 feet 6 inches. Mark on bar, S 1,” 


No of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
sot, in 
inches. 

Eemarks. 

1 

100 

•114 


Specimen of bar of cast 

2 

200 

*216 

*002 

steel, from K. B., a Eus- 

3 

300 

•322 


sian iron, suitable for 

4 

400 

•424 


welding. 

5 

500 

•530 

*002 


6 

600 

•640 



7 

700 

•740 

*002 


8 

800 

•856 

*002 


9 

900 

•990 

•004 


10 

950 

1*050 

•006 


11 

1000 

1*130 



12 

1050 

1*180 



13 

1100 

1*240 

*057 


14 

1150 

1*340 



15 

1200 

1*440 



16 

1250 

1*500 



17 

1300 

1*590 

•409 


18 

1350 

2*100 



19 

1400 

2*790 



20 

1450 

3*480 

1-720 



liesiilts of Ecep, XXXI. 

Here the weight (tv) at the limit of elasticity is 1060 lbs., and the cor- 
responding deflection (^) is 1*180. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Di)= *0012822. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,700,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure =31,482,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
=52-116. 

By formula (9). — Work of deflection (u) for unity of section =47*452. 

By formula (12). — Value of C, the unit of working strength =5*539 tons. 
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TRANSVERSE STRAIN. 

Exp. XXXII. — Bar of Steel from Messrs. Sanderson Brothers, Sheffield. 
Dimension of bar 1*044 inch square. Length between supports 
4 feet 6 inches. Mark on bar, S 2/* 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

indies. 

Permanent 
set, in 
inches. 

Eemarks. 

1 

100 

*130 


Specimen of double shear 

2 

200 

*238 

*010 

steel, from Q Swedish 

3 

300 

*342 


iron. 

4 

400 

*448 



5 

500 

*568 

•010 


6 

600 

•682 



7 

700 

•794 



8 

800 

*920 

*010 


9 

900 

1*040 

•018 


10 

950 

1*110 

*054 


11 

1000 

1*190 

*075 


12 

1100 

1*680 

•427 


13 

1200 

2*110 



14 

1250 

2*470 



15 

1300 

2*740 

•954 


16 

1350 

3*130 

1*450 



Eesults of Exp, XXXII. 

Here the weight {w) at the limit of elasticity is 910 lbs., and the cor- 
responding deflection (^) is 1*040. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0013412. 

By formula (7). — The mean value of the modulus of elasticity (E) 
=29,351,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
prcssure=28,074,000. 

By formula (8). — The work of deflection (IJ) up to the limit of elasticity 
=39*433. 

By formula (9). — Work of deflection (v) for unity of section =37*022. 

By formula (12). — Value of C, the unit of working strength =4*808 tons. 
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REPORT — 1867. 


TRANSVERSE STRAIN. 

Exp. XXXITI. — Bar of Steel from Messrs. Sanderson Brothers, Sheffield. 
Dimension of bar 1*024 inch square. Length between supports 
4 feet 6 inches. Mark on bar, S 3.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Rcmnrks. 

1 • 

100 

•132 


Hpccimcn of single shear 

2 

200 

*250 

*004 

steel from g' a Swedish 

3 

300 

•364 


iron. 

4 

400 

*478 



o 

500 

•596 

•004 


6 

600 

•716 



7 

700 

*832 

•004 


8 

800 

•956 

*004 


9 

900 

1*076 

*004 


10 

950 

1*136 

•007 

A fine flexible metal, not 

11 

1000 

1*186 


subject to fracture. 

12 

1050 

1*256 



13 

1100 

1*306 

•021 


14 

1200 

1*416 



15 

1300 

1*586 

•045 


16 

1500 

2*546 

•647 


17 

1600 

3-576 

1*883 



Results of Exp, XXXITI. 

Here the weight (w) at the limit of elasticity is 1210 lbs., and the cor- 
responding deflection (S) is 1*416. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = ‘0012963. 

By formula (7). — The mean value of the modulus of elasticity (E) 
**30,368,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressupe=29,858,000. 

By formula (8) Work of deflection (U) up to the limit of elasticity 

=71*390. 

By formula (9). — Work of deflection (u) for unity of section = 68*082. 

By formula (12). — Value of C, the unit of working strength =6*780 tons. 
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TRINSVEKSE STRAIN. 


Exp. XX XIV. — Bar of Steel from Messrs. Sanderson Brothers, Sheffield. 
Dimension of bar 1*046 inch square. Length between supports 
4 feet 6 inches. M^rk on bar, S 4.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

indies. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

•124 


Bar of faggot-steel drawn 

2 

200 

*235 

*008 

from ^ bar-steel, simply 

. 3 

300 

•341 


welded to make it sound. 

4 

400 

•446 



5 

500 

*550 

*008 


6 

600 

*657 



7 

700 

*768 



8 

800 

*890 

•008 


9 

900 

1*000 



10 

950 

1*050 

•oil 


11 

1000 

1*120 



12 

1050 

1*170 



13 

1100 

1*240 

*045 


14 

1150 

1*320 



15 

1200 

1*460 



16 

1300 

2*300 

*763 


17 

1 

1400 

3*190 

1-479 

Sinking with this load. 


ItesuUs of Exp. XXXIY. 

Here the weight {w) at the limit of elasticity is 1060 lbs., and the cor- 
responding deflection (^) is 1*170. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0013616, 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 29,922,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 29,184,000. 

By formula (8). — ^Work of deflection (TJ) up to the limit of elasticity 
= 51*675. 

By formula (9). — Work of deflection (w) for unity of section = 47'230. 

By formula (12). — Value of C, the unit of working strength = 5*572 tons. 
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BEPORT — 1867 . 


TRIRSYRBSE STRAIN. 

Exp. XXXV. — Bar of Steel from Messrs. Sanderson Brothers, Sheffield. 
Dimension of bar 1*037 inch square. Length between supports 
4 feet 6 inches. Mark on bar, S 5 extra 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

*133 


Specimen of drawn bar from 

2 

200 

*245 

•oil 

^ steel, not welded. 

3 

300 

•359 


4 

400 

•459 



5 

500 

*573 

*015 


6 

600 

•691 



7 

700 

•807 



8 

800 

•927 

•016 


9 

900 

1’057 

•019 


10 

950 

1-137 

*034 


11 

1000 

1-217 



12 

1100 

1*737 

*420 

1 

13 

1200 

2-757 

1*237 



Mesults of Exp, XXXV. 

Here the weight (w) at the limit of elasticity is 910 lbs., and the cor- 
responding deflection (^) is 1*057. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj) = *0013333. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 29,524,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs, 
pressure = 28,1 79,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 40*078. 

By formula (9). — ^Work of deflection (w) for unity of section = 37*269. 

By formida (12). — Value of C, the unit of working strength = 4*907 tons. 
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TRANSVERSE STRAIN. 

Exp. XXXYI. — Bar of Steel from Messrs. Turton & Sons, Sheffield. 
Dimension of bar 1*023 inch sqnare. Length between supports 
4 feet 6 inches. Mark on bar, A.’’ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

•128 


Bpecimen of steel employed 

2 

200 

•246 

*007 

in the manufacture of 

3 

250 

•300 


cups. 

4 

300 

*360 



5 

400 

•476 

•007 


6 

500 

•596 

•006 


7 

600 

•714 



8 ! 

700 

*850 

•004 


9 

800 

*970 

•005 


10 

900 

1*090 

•009 


11 

950 

1*160 

•013 


12 

1000 

1 *230 



13 

1050 

1*370 



14 

1100 

1*910 

•574 


15 

1150 

2*660 

1-187 

This steel is very soft. 


Results of Exp, XXXVI. 

Here the weight {iv) at the limit of elasticity is 960 lbs., and the corre- 
sponding deflection (^) is 1*160. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0013033. 

Bv formula (7). — The mean value of the modulus of elasticity (E) 
30,204,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 30,895,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
= 46*400. 

By formula (9). — Work of deflection (w) for unity of section = 45*369. 

By formula (12). — Value of C, the unit of working strength = 5*392 tons. 
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TRANSVERSE STRAIN. 

Exp. XXXVII. — ^Bar of Steel from Messrs. Turton & Sons, Sheffield. Di- 
mension of bap 1’032 inch square. Length between supports 
4 feet 6 inches, Mark on bar, 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

•122 


Specimen of steel used in 

2 

200 

'283 

•002 

the manufacture of drills. 

3 

300 

'358 



4 

400 

'460 

'003 


5 

500 

•580 



6 

600 

•690 



7 

700 

■830 

'004 


8 

800 

*930 



9 

950 

1*100 

•004 


10 

1050 

1*220 

•on 

Useful tool btccL 

11 

1100 

1*280 



12 

1150 

1*340 

•014 


13 

1200 

1*410 



14 

1250 

1*480 

•030 


15 

1300 

1*540 



16 

1350 

1*630 

•037 


17 

1400 

1*700 



18 

1450 

]*870 



19 

1500 

2*140 



20 

1600 

2*810 

•748 

Disabled. 


Besults of Kvp, XXXYII. 

Here the weight {w) at the limit of elasticity is 1210 lbs., and the corre- 
sponding deflection (1) is 1*410. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (Dj) = '0012958. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,890,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure pw 31,297,000. 

By formula (8). — ^Work of deflection (IT) up to the limit of elasticity 
di 71*087. 

By formula (9). — Work of deflection (w) for unity of section = 66*748. 

By formula (12). — ^Valuo of C, the unit of working strength = 6*625 tons. 





ON THN MECHANICAL PROPERTIES OP STEEL. 


TSAKSYEBSE STRAIN. 

Exp. XXXYIII. — Bar of Steel from Messrs. Turton and Sons, Sheffield, 
Dimension of bar *998 inch square. Length between supports 4 feet 
6 inches. Mark on bar, C.” 


No of 
Exp 

Weight laid 
on, in 
lbs 

Deflection, 

in 

inches 

Permanent 
set, in 
inches 

Remarks. 

1 

100 

•137 


Specimen of steel used in the 

2 

200 

*259 


manufacture of cutters. 

3 

300 

*395 



4 

400 

•527 

*024 


5 

500 

*615 



6 

600 

•770 



7 

700 

*915 

•025 


8 

800 

1*035 



9 

950 

1*225 

•025 1 

The same in quality as that 

10 

1050 

1*335 


in the previous experi- 

11 

1100 

1*115 

*031 

ment. 

12 

1150 : 

1*495 

*034 


13 

1200 1 

1*575 



14 

1250 

1*685 

•077 i 


15 

1300 

1*805 



16 

1350 

2*305 



17 

1400 

2*935 

•968 

Sunk. 


Eesvlts of Ea^p. XXXVIIT. 

Here the weight (xv^ at the limit of elasticity is 1100 lbs,, and the cor- 
responding deflection (1) is 1*415. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *0012598. 

By formula (7). — The moan value of the modulus of elasticity (E) 
= 31,247,000. 

By formula (2). — The modulus of elasticity (E) corresponding to X18 lbs. 
pressure = 31,859,000. 

By formula (8). — Work of deflection (TJ) up to the limit of elasticity 
= 65*443. 

By formula (9). — Work of deflection (w) for unity of section = 65*705. 

By formula (12). — ^Yalue of C, the unit of working strength = 6*718 tons. 




204 


REPORT — 1867. 


TRANSTER8E STRAIN. 

Exp. XXXIX. — Bar of Steel from Messrs. Tnrton and Sons, Sheffield. 
Dimension of bar *986 inch square. Length between supports 4 feet 
6 inches. Mark on bar, D.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

-141 


Specimen of steel used in 

2 

200 

•278 


the construction of turn- 

3 

300 

•417 


ing tools. 

4 

400 

•558 



5 

500 

•693 



6 

600 

•828 



7 

700 

•978 

•001 

The same quality as before. 

8 

800 

1-078 

•002 


9 

950 

1-348 

•009 


10 

1000 

1-408 



11 

1050 

1-488 



12 

1100 

1-578 

•055 


13 

1150 

1-828 

•185 


14 

1200 

2-078 



15 

1250 

2-538 

•619 



Results of Ea'p, XXXIX. 

Here the weight (w) at the limit of elasticity is 1010 lbs., and the cor- 
responding deflection {1) is 1-408. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = -001287. 

By formula (7). — The mean value of the modulus of elasticity fE) 
= 30,887,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 32,462,000. 

By formula (8).— Work of deflection (U) up to the limit of elasticity 
= 59-253. 

By formula (9). — ^Work of deflection (u) for imity of section = 60*949. 

By formula (12), — ^Value of C, the unit of working strength = 6-337 tons. 
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TRANSVERSE STRAIN. 


Exp. XL. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Dimension 
of bar 1-02 inch square. Length between supports 4 feet 6 inches. 
Mark on bar, “ E.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

*130 

.... 

Specimen of steel used in 

2 

200 

*254 


the manufacture of ma- 

3 

300 

•373 


chinery. 

4 

400 

•484 

*004 


5 

500 

*593 

•006 


6 

600 

*718 



7 

700 

*842 



8 

800 

*982 

•007 


9 

950 

1*172 

•oil 

The whole of those specimens 

10 

1050 

1*262 


1 (XXXVI., XXXVII., 

11 

1100 

1*342 

*014 

XXXVIII., XXXIX., 

12 

1150 

1*402 

*015 

i and XL.) are remarkable 

13 

1200 

1*472 


for uniformity in strength 

14 

1300 

1 1*722 

•138 

and texture. 

15 

1360 

1 1*942 


1 

16 

1400 

2*162 



17 

1450 

2*472 



18 

1500 

2*842 

*818 



Results of Exp, XL. 

Here the weight (tt») at the limit of elasticity is 11 60 lbs., and the corre- 
sponding deflection (c) is 1*402. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *001303. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,211,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 30,764,000. 

By formula (8), — Work of deflection (XJ) up to the limit of elasticity 
= 67-763. 

By formula (9). — ^Work of deflection (u) for unity of section = 65*131. 

By formula (12). — Value of C, the unit of working strength = 6*576 tons. 




aBroM — 1867. 




TRANSVEESE STRAIN. 


Exe. XLI. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Dimension 
of bar 1*02 inch square. Length between supports 4 feet 6 inches. 
Mark on bar, 


Ko. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eemarks. 

1 

100 

*123 


Specimen of steel used in the 

2 

200 

•242 


manufacture of punches. 

3 

300 

•396 



4 

400 

•487 



5 

500 

•605 



6 

600 

•735 



7 

700 

*866 

*000 


8 

800 

‘976 

•000 


9 

950 

1*156 

•015 


10 

1100 

1-426 

•099 


11 

1150 

1*616 

•169 


12 

1300 

2*266 

•555 


13 

1400 

2*876 

•982 

Disabled. 


liemlts of Exp, XLI. 

Here the weight (w) at the limit of elasticity is 960 lbs., and the corre- 
sponding deflection (^) is 1*156. 

By formula (6). — The mean value of the deflection for unity of pressui'o 
and section (DJ == *001302. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,218,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 1 12 lbs. 
pressure = 32,480,000. 

By formula (8), — ^Work of deflection (U) up to the limit of elasticity 
= 46*240. 

By formula (9). — Work of deflection (w) for unity of section = 44*444. 

By formula (12). — Value of C, the unit of working strength = 5*440 tons. 
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TRANSVERSE STRAIN. 


Exp. XLII. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Dimension 
of bar -995 inch square. Length between supports 4 feet 6 inches. 
Mark on bar, G.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bomarks. 

1 

100 

•141 


Specimen of steel used in the 

2 

200 

•280 


manufacture of Mint dies. 

3 

300 

•410 



4 

400 

•541 

*009 


5 

500 

•672 

•010 


6 

600 

*805 



7 

700 

•950 



8 

800 

1*070 

•009 


9 

900 

1*210 



10 

950 

1-290 

•Oil 


11 

1050 

1-520 



12 

1100 

I 2*250 

*735 


13 

1150 

3*280 

1*627 

Sunk under load. 


liesults of Eoep, XLII. 

Here the weight {w) at the limit of elasticity is 960 lbs., and the corre- 
sponding deflection (^) is 1*290. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (DJ = *001295. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,398,000. 

By formula (2). — The modulus of elasticitj^ (E) corresponding to 112 lbs. 
pressure = 31,325,000. 

By formula (8). — 'Work of deflection (U) up to the limit of elasticity 
= 51*600. 

By formula (9). — Work of deflection (w) for unity of section =: 52*120. 

By formula (12). — Yaluc of C, the unit of working strength = 5*161 tons. 
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TRANSVERSE STRAIN. 


Exp. XLIII. — ^Bar of Steel from Messrs. Turton & Sons, Sheffield. Dimension 
of bar 1*012 inch square. Length between supports 4 feet 6 inches. 
Mark on bar, H.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

100 

•150 


Specimen of steel used in the 

2 

200 

•282 


manufacture of dies. 

3 

300 

*406 



4 

400 

•533 

•oil 


5 

500 

*653 

•016 


6 

600 

*782 



7 

700 

»910 

*021 


8 

800 

1*050 



9 

900 

1*190 ’ 



10 

950 

1*270 

*021 


11 

1000 

1*350 



12 

1050 

1*470 

•099 


13 

1100 

1*720 

•249 


14 

1150 

2*000 

•432 


15 

1200 

2*390 



16 

1250 

2*820 

•995 

Disabled. 


Besiilts of Exp, XLIII. 

Here the weight {yo) at the limit of elasticity is 960 lbs., and the corre- 
sponding deflection 1*270. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj_) = *001382. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 28,484,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 27,542,000. 

By formula (8). — ^The work of deflection (IJ) up to the limit of elasticity 
= 50*800. 

By formula (9). — Work of deflection {u) for unity of section = 49*602. 

By formula (12). — Yalue of C, the unit of working strength = 5*570 tons. 
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TRANSVEESE STRAIN. 

Exp. XLIV. — Bar of Steel from Messrs. Turton Sons, Sheffield. Dimen- 
sion of bar *98 inch square. Length between supports 4 feet 
6 inches. Mark on bar, I.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eemarks. 

1 

100 

*170 


Specimen of steel used in 

2 

200 

•310 


the manufacture of taps. 

3 

300 

•455 



4 

400 

•604 

•012 


6 

600 

•746 

•013 


6 

600 

•900 



7 

700 

1*040 

•012 


8 

800 

1-190 

•018 


9 

900 

1*390 

•030 


10 

950 

1*530 

•094 


11 

1000 

1*900 

•349 


12 

1050 

2*460 

•747 

Disabled. 


Eesults of Eayp. XLIV. 

Here the weight (w) at the limit of elasticity is 910 lbs., and the corre- 
sponding deflection (5) is 1’390 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (DJ = *001368. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 31,198,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 27,646,000. 

By formula (8). — Work of deflection (U) up to the limit of elasticity 
« 62*704. 

By formula (9). — ^Work of deflection (w) for unity of section = 54*877. 

By formula (12). — ^Value of C, the unit of working strength = 6*788 tons. 


1867. 


a 
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TRANSVERSE STRAIN. 

iExp. XLY. — Bar of Steel from Messrs. Tiirton & Sons, Sheffield, Dimen- 
sion of bar 1*022 inch square. Length between supports 4 feet 
6 inches. Mark on bar, ‘‘U ” 


Ko. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks . 

1 


•127 


Specimen of double shear 

2 

200 

*256 


steel. 

3 

300 

•372 



4 

400 

•492 



5 

500 




6 

600 




7 


•866 

*010 


8 

800 

*986 

*011 


9 

950 

1*216 

•034 


10 

1000 

1*316 



11 

1050 

1*436 

*113 


12 

1100 

1*696 

•277 


13 

1150 

2-136 

*601 


14 

1200 

2*506 



15 

* 1250 

3*216 

1*420 



Results of XLY. 

Here the weight (w) at the limit of elasticity is 810 lbs., and the corre- 
sponding deflection (h) is *986. 

By formula (6) . — ^The mean value of the deflection for unity of pressure 
and section (DJ = *001325. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 29,710,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 31,232,000, 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 33*277. 

By formula (9), — ^Work of deflection for unity of section = 31*859. 

By formula (12), — Yalue of C, the unit of working strength = 4*561 tons. 
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Exp. XLYI. — Bar of Steel from the Titanic Steel Co., Worcester. Di- 
mension of bar 1-004 inch square. Length between supports 
4 feet 6 inches. Mark on bar, “ A X.” 


No. of 
Exp . 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Eemarks. 

1 

50 

•065 


This steel is intended for 

2 

75 

•095 


rods, plates, and girders. 

3 

100 

•133 



4 

125 

•163 



5 

150 

•195 



6 

175 

•231 



7 

200 

•258 



8 

225 

•292 



9 

250 

•313 



10 

300 

•383 



11 

•350 

•449 



12 

400 

•508 


We have no particulars of 

13 

450 

•569 


the properties of this 

14 

500 

•632 


metal. It is one of our 

15 

550 

•692 


best specimens. 

16 

600 

•754 



17 

650 

•839 



18 

700 

•889 



19 ! 

750 

•969 1 



20 

800 

•999 



21 

850 

1-079 



22 

900 

1-129 



23 

950 

1-199 



24 

1000 

1-279 



25 

1050 

1-369 



26 

1100 

1-389 



27 

1150 

1-449 



28 

1200 

1-509 



29 

1250 

1-589 



30 

1300 

1-669 

•000 


31 

1350 

1-739 

•000 


32 

1400 

1-809 

•000 


33 

1450 

1-899 

•012 


34 

1500 

1-969 

•025 


35 

1600 

2-319 

•206 


36 

1712 

3-289 

•856 

Experiment discontinued. 


Results of Exp, XLYI. 

Here the weight (to) at the limit of elasticity is 1460 lbs., and the corresponding de- 
flection (d) is 1-899. By formula (6).— The mean value of the deflection for unity of 

pressure and section (Dj) « •001266. By formula (7). — ^The mean value of the modu- 
lus of elasticity (E) « 31,119,000. ^By formula (2). — The modulus of elasticity (E) 

corresponding to 112 lbs. pressure == 32,120,000. By formula (8). — ^The work of de- 

flection (U) up to the limit of elasticity 115-622. ^By formula (9). — ^Work of deflec- 
tion (u) for unity of section ■■ 114-600.—' — By formula (12).— Yalue of C, the unit of 
working strength = 8-682 tons. 

Q 2 
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TBAUSVERSB STBAIIf. 

Exp. XLYII. — Bar of Steel from the Titanic Steel Co., Worcester. Dimen- 
sion of bar *99 inch square. Length between supports 4 feet 6 inches. 
Mark on bar, B 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•062 


Steel intended for Wheel 

2 

100 

•129 


Tyres.” 

3 

150 

•182 



4 

200 

•247 



5 

250 

•322 



6 

300 

•376 



7 

350 

•440 



8 

400 

•500 



9 

450 

•559 



10 

500 

•628 



11 

550 

•692 



12 

600 

•772 



13 

650 

•832 



14 

700 

•892 



15 

750 i 

•952 



16 

800 

1*012 



17 

850 

1*092 



18 

900 

1-152 



19 

950 

1*212 

•000 


20 

1000 

1*232 

•008 


21 

1050 

1-382 

•027 


22 

1100 

1*482 

: -078 


23 

1150 

1*612 

•142 


24 

1200 

2*172 

•596 


25 

1250 

3*042 

1-446 

Experiment discontinued. 


Results of Exp. XL VII. 

Here the weight {w) at the limit of elasticity is 1010 lbs., and the cor- 
responding deflection (h) is 1*232. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (Dj) = -001177. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 33,446,000. 

By formula (2).“The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 34,935,000. 

By formula (8). — Work of deflection (tJ) up to the limit of elasticity 
=5 51*846. 

By formula (9). — ^Work of deflection (u) for unity of section =5 52*892. 

By formula (12). — ^Value of C, the unit of working strength « 6*621 tons. 
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TBi^NSVEESE STEAIN, 

Exf. XLVIII. — Bar of Steel from the Titanic Steel Co., Worcester. Dimen- 
sion of bar 1*002 inch square. Length between supports 4 feet 
6 inches. Mark on bar, C X.” 


No. of 
£xp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks. 

1 

50 

*062 


Steel intended for general 

2 

100 

*123 


purposes. 

3 

150 

•185 



4 

200 

•256 



5 

250 

•319 



6 

300 

•376 



7 

350 

•443 



8 

400 

•505 



9 

450 

•572 



10 

500 

•631 



11 

550 

•692 



12 

600 

•752 



13 

650 

•829 



14 

700 

•889 



15 

750 

•959 



16 

800 

1-029 



17 

850 

1-119 



18 

900 

1-169 

*000 


19 

950 

1-249 

•004 


20 

1000 

1-329 

*032 


21 

1050 

1-459 

•099 


22 

1100 

1-719 

■ -282 


23 

1150 

1-899 

1*296 

Experiment discontinued. 


BesulU of Exp, XLVIII. 

Here the weight (w) at the limit of elasticity is 960 lbs., and the corre- 
sponding deflection (B) is 1*249. 

By formula (6). — ^The mean value of the deflection for unity of pressure 
and section (Dj) = *001237. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 31,823,000. 

By formula (2). — ^The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 34,879,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 49*960. 

By formula (9). — ^Work of deflection (w) for unity of section — ^19*76. 

By formula (12). — Value of C, the unit of working strength =o*739 tons. 
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* TRAlfSVEESE STRAIN. 

Exp. XLIX.-^Bar of Steel from the Titanic Steel Co., Worcester. Dimen- 
sion of bar 1*008 inch square. Length between supports 4feet Oinches. 
Mark on bar, D X.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

incheb. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

*059 


Steel intended for ‘‘Wheel 

2 

100 

*138 


Tyres.’’ 

3 

150 

*178 



4 

200 

•248 



5 

250 

•316 



6 

300 

*384 



7 

350 

*440 



8 

400 

*500 



9 

450 

•559 



10 

500 

•621 



11 

550 

*687 



12 

600 

•748 



13 

650 

•808 



14 

700 

*878 



15 

750 

•938 



16 

800 

1*018 

•000 


17 

' 850 

1-098 

•018 


18 1 

900 

1*188 

•046 


19 

950 : 

1*348 

•159 


20 

1000 

3*308 

1-997 

Experiment discontinued. 


Results of Exp, XLIX. 

Here the weight {w) at the limit of elasticity is 860 lbs., and the corre- 
sponding deflection {1) is 1*098. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (D^) = *001261. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 31,218,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 30,418,000. 

By formula (8). — The work of deflection (U) up to the limit of elasticity 
= 39*345. 

By formula (9). — Work of deflection (u) for unity of section = 36*915. 

By formula (12). — Value of C, the unit of working strength = 4*699 tons. 
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TBANSVEBSE STRAIN. 

Exp. L. — Bar of Steel from the Barrow Haomatite Co., Purness. Dimension 
of bar 1*02 inch square. Length between supports 4 feet 6 inches. 
Mark on bar, H 1.’^ 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks. 

1 

50 

•065 


Hard steel. 

2 

100 

•118 



3 

150 

■179 



4 

200 

•240 



5 

250 

•309 



6 

300 

•364 



7 

350 

•426 



8 

400 

•491 



9 

450 

•555 



10 

500 

•611 



11 

550 

•676 



12 

600 

•742 



13 

650 

•803 



14 

700 

•866 



15 

750 

•946 



16 

800 

1-006 



17 

850 

1'076 



18 

900 

1-146 



19 

950 

1-206 



20 

1000 

1-266 



21 

1050 

1-346 I 



22 

1100 

1-406 

•000 


23 

1150 

1-476 

•000 


24 

1200 

1-546 

•016 


25 

1250 

1-646 

•055 


26 

1300 

1-796 

•133 


27 

1350 

2-156 

•429 


28 

1400 

2-746 

•883 

Experiment discontinued. 


Results of Eccp. L. 

Here the weight {w) at the limit of elasticity is 1210 lbs., and the corre- 
sponding deflection (S) is 1*546. 

By formula (6). — ^The moan value of the deflection for unity of pressure 
and section (DJ = *00L308. 

By formula (7). — The mean value of the modulus of elasticity (E) 
= 30,096,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure = 33,830,000. 

By formula (8). — ^Work of deflection (IT) up to the limit of elasticity 
= 77-944. 

By formula (9). — Work of deflection (w) for unity of section = 77*917. 

By formula (12). — ^Value of C, the unit of working strength = 6-860 tons. 
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TRANgVBRSE STRAIN. 

Exp. LI. — Bar of Steel from the Barrow Haematite Co., Fumees. Dimen- 
sion of bar *995 inch square. Length between supports 4 feet 
6 inches. Mark on bar, H 2.” 


Ko. of 
Exp. 

Weight laid 
on. in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Remarks. 

1 

50 

•065 

.... 

Soft steel. 

2 

100 

•128 



3 

150 

*201 



4 

200 

•266 



5 

250 

*330 



6 

300 

*396 



7 

350 

•466 



8 

400 

•534 



9 

450 

•601 



10 

500 

•682 

*000 


11 

550 

•760 

*027 


12, 

600 

•880 

*052 


13 

650 

1-020 

•115 


14 

700 

2*040 

1*068 


15 

750 

— 


Destroyed. 


Results of Exp, LI. 

Here the weight (w) at the limit of elasticity is 510 lbs,, and the corre- 
sponding deflection (^) is *682. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj)=: *001280. 

By formula (7). — The mean value of the modulus of elasticity (E) 
=30,754,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pre88ure= 34,443,000. 

By formula (8). — ^Work of deflection (U) up to the limit of elasticity 
= 14*242 

By formula (9). — ^Work of deflection (u) for unify of section =14*383. 

By formula (12). — Value of (C), the unit of working strength =3*108 
tons. 
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TRANSVEUSE STRAIN. 

Exp. LII. — Bar of Steel from the Barrow Hrematito Co., Fumcss. Dimen- 
sion of bar 1*01 inch square. Length between supports 4 feet 
6 inches. Mark on bar, “ H 3.” 


No. of 
Exp. 

Weight laid 
on, in 
lbs. 

Deflection, 

in 

inches. 

Permanent 
set, in 
inches. 

Bemarks. 

1 

50 

•074 


Soft steel. ‘ 

2 

100 

*127 



3 

150 

•195 



4 

200 

•262 



5 

250 

•330 



6 

300 

•395 



7 

350 

•453 



8 

400 

•515 



9 

450 

*577 

•000 


10 

500 

•645 

•007 


11 

550 

•716 

•018 


12 

600 

•793 

•019 


13 

650 1 

*873 

*032 


14 

700 

1 *029 

*118 


15 

750 

1-279 

•287 


16 

800 

2*709 

1*625 

Experiment discontinued. 


Results of Eicp, LIT. 

Here the weight (tv) at the limit of elasticity is 610 lbs., and the corre- 
sponding deflection (^) is *793. 

By formula (6). — The mean value of the deflection for unity of pressure 
and section (Dj) = *001319. 

By formula (7), — The mean value of the modulus of elasticity (E) 
=29,717,000. 

By formula (2). — The modulus of elasticity (E) corresponding to 112 lbs. 
pressure =32,717,000. 

By formula (8). — Work* of deflection (IT) up to the limit of elasticity 
=20*155. 

By formula (9). — Work of deflection (u) for unity of section= 19*757. 

By formula (12). — Value of C, the unit of working strength= 3*540 tons. 



TabIiE I. — Bummary of of the Experiments on Transverse Strain. 
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Sunk with 1250 lbs. 
Sunk with 1300 llw. 
Sunk with 1200 lt». 
Sunk with 1 300 lbs. 

Sunk with 1100 lbs. 
Sunk with 850 lbs. 

Sunk with 1350 lbs. 

Sunk with 1200 lbs. 

Sunk with 1150 lbs. 

Sunk with 1250 lbs. 

Sunk with 1150 lbs. 
Sunk with 1250 lbs. 
Sunk with 1050 lbs. 
Sunk with 1250 lbs. 
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From the above Sumnaary of Results may be taken almost every descrip- 
tioii of steel manufactured for the purposes of construction, when subjected to 
a transverse strain. The utmost care has been taken to work out the con- 
ditions and properties of the specimens ; and assuming that these conditions 
would be fulfilled by the manufacturer, the engineer, the architect, or the 
builder, he could have no difficulty in selecting such material as he may 
require in the varied forms of constructions and uses for which it is in- 
tended. 

It will be observed that in every description of manufacture, and in every 
description of each manufacture, the whole of the transverse properties 
have been determined, both as regards the modulus of elasticity and de- 
flection, and the measure of work done (as indicated by the unit of working 
strength, which will be found in the last column). The deflections up to the 
limit of weights laid on, as also for unity of section, will be found in the 
fourth and fifth columns. 

It might have been desirable to have received from the makers more ex- 
tended information as regards the difiereiit processes of conversion, and the 
quality of the ores, crude iron, &c. from which the specimens were obtained ; 
these wdth the chemical constituents of the material would have been highly 
valuable. But in my endeavours to arrive at correct residts, much had to be 
left to the di8cretion*of those who selected- the samples, and to the honesty 
of purpose by which they were guided in the selection. It is only natural 
that the manufacturer should select samples from which the best results 
would be obtained, in order that he might in every test stand high in the 
scale of utility. On the other hand, it must be observed that it is not the 
material of the greatest density and strength that is required on all occasions ; 
on the contrary, it is quite the reverse for many purposes, as in some cases it 
is essential to have the metal soft and ductile, easily worked, and convertible 
into shapes where its flexibility would be important. Again, any hard 
brittle steel capable of retaining a fine edge is of inestimable use for tools, 
but it is totally inapplicable to structural purposes, where elasticity and 
strength is required for endurance. All these are points which I have en- 
deavoured to attain and simplify in the experiments, and having indicated 
their properties in the above Summary on Transverse Strain, we now proceed 
to those which refer to tension. 

In submitting wrought iron or steel bars to a transverse strain, the same 
results are not obtained as in cast iron, as bars 4 feet 6 inches long of the 
former material will bend or deflect through a depth of some feet before 
fracture ensues, the deflections in this case being equivalent to a permanent 
set nearly equal to the deflection. Under these conditions, when the per- 
manent set arrives at one-half the amoilnt of the deflection, I have considered 
the resisting powers of the bars so much injured as to render any additional 
strain of no practical value. In the case of steel bars of greater density and 
hardness, the same law between the deflection and the permanent set does 
not exist, and hence the difference of elasticity in the different kinds of steel 
of which the bars are composed. To remedy these discrepancies and effect a 
comparison between the Afferent qualities of the material, it was necessary 
to fix some limitation to the weights laid on, and to ascertain the point of 
strain ocMresponding to the elastic limit, — which in the calculations is that 
^int where the deflection is not in excess of what the law of deflection (viz. 
ia proportion to the strain) would indicate, whilst the next greater strain 
gives • deflection decidedly in excess of that law. This is, however, clearly 
explained in the abstract of results. 
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A very slight variation in the observed deflection at the commencement of 
the experiments before the bar had got its natural set would increase the 
difficulty of ascertaining the correct permanent set corresponding to very 
limited strains. We aU know when a bar is a little bent we can make it 
straight by hammering or by pressure, but the probability is that the first 
form is the natural disposition of the material. 

This principle is adopted in the calculations, as the elasticity of a bar is 
impaired when the deflection decidedly exceeds what the law of deflection 
would give. After the elastic limit is passed the deflections increase in a 
geometric progression, whereas up to that limit the deflections are in propor- 
tion to the strain. 

One of the marked peculiarities of steel as compared with iron is, that the 
strain corresponding to the elastic limit approaches more nearly the breaking 
strain. Hence will be found the comparative high value of the constant C, 
or the unit of pressure determined for the bars. A load of one-third the 
breaking weight has always been considered a safe rule, but it is only con- 
ventional ; but there is something stiU wanting relative to the point of strain 
corresponding to the injury done to the material, as the inference drawn 
from the Tables indicates that the strain producing the permanent set had 
not seriously affected the soundness of the bars. This is a question of con- 
siderable importance, and requires further investigation, which I hope to 
accomplish at some future time. 


SECOND SERIES OP EXPERIMENTS. 

TENSILE STRAIN. 

Exp. I. — Bar of Steel from Messrs, Brown & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, B Diameter of specimen 
*77 inch. Area *4656 square inch. Reduced diameter after fracture 
*77 inch. Area *4656 square inch. 


No. 

Weight 
laid on. 


Per unit of length. 

Bemarks. 

of 

Exp. 

square inch 

of section. 

Elongation. 

Permanent 

set. 

1 

lbs. 

22009 

lbs. 

tons. 

•0018 


Specimen of best 

2 

25369 

.... 

« • • • 

-0018 


cast steel from 

3 

28729 

.... 



-0031 


Russian and Swe- 

4 

30304 

.... 


•0056 


dish iron. Used 

6 

! 

31849 

68404 

30-53 

— 

-0025 

for turning-tools. 
Broke in neck. 


Remits . — Here the breaking strain (P^) per square inch of section is 
68,404 lbs., or 30’53 tons ; and the corresponding elongation (Z^) per unit of 
length is. *0056. By formula (13). — ^The work (w) expended in producing 
rupture » 191. 
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Exp. II.~Bar of Steel from Messrs. Brown & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, “ B 2.” Diameter of speci- 
men *744 inch. Area *4347 square inch. Beduced diameter after 
fracture *74 inch. Area *43 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per. 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

10249 



.... 

.... 

Specimen of best 

2 

13609 





cast steel from 

3 

16969 





Bussian and 

4 

18649 





Swedish iron, 

5 

20329 





of milder qua- 

6 

23689 





lity than No. 1. 

7 

25369 



•0012 


Dsed for chisels 

8 

27049 



•0012 


&c. 

9 

28729 



•0012 



10 

30304 



•0012 



11 

31879 



•0012 



12 

33439 



•0087 



13 

36664 



•0118 



14 

38224 



•0275 

, 


15 

39784 

91520 

40-85 

— 

*0150 

Broke in neck. 


Results , — Here the breaking strain (P^) per square inch of section is 
91,520 lbs., or 40*85 tons ; and the corresponding elongation (l^) per unit of 
length is *0275. By formula (13). — The work (u) expended in producing 
rupture =686. 

Exp. III. — Bar of Steel from Messrs. Brown & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, B 3.’^ Diameter of specimen 
•602 inch. Area *2846 square inch. Beduced diameter after fracture 
•602 inch. Area *2846 square inch. 


1 

10451 





Specimen of cast 

2 

12131 



*0006 


steel from Swe- 

3 

13811 



*0012 


dish iron; for 

4 

15494 



•0012 


tools, &c. 

5 

17171 



•0031 



6 

18851 



•0031 



7 

20531 



*0037 



8 

22211 



*0044 



9 

23891 



•0044 



10 

25571 


* 

*0044 



11 

27146 



•0050 



12 

28796 



•0143 



13 

30871 

106714 

47*64 

— 

•0100 

Broke in neck. 


Itesults , — ^Here the breaking strain (Pj) per square inch of section is 
106,714 lbs., or 47*64 tons ; and the corresponding elongation {l^) per unit 
of length is *0143. By formula (13). — ^The work (-w) expended in produ- 
cing rapture=763. 
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Exp. IV, — Bar of Steel from Messrs. Brown & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, “ B 4.’^ Diameter of speci- 
men *737 inch. Area *4266 square inch. Reduced diameter after 
fracture *726 inch. Area *4139 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

. . 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

25369 



•0001 

.... 

Specimen of cast 

2 

28729 



•0012 


steel from Swe- 

3 

31849 



•0025 


dish iron, of mild- 

4 

33439 



•0037 


er quality than 

5 

35014 



•0118 


No. 3. Used for 

6 

36664 



•0125 


chisels. 

7 

38224 



•0150 



8 

39784 



•0181 



9 

41344 



•0193 



10 

42904 



•0231 



11 

44464 



•0262 



12 

46249 



•0293 



13 

47959 



•0337 



14 

49564 

lieiss 

51*86 


•0362 

Broke in neck. 


Besultb — Here the breaking strain (Pj) per square inch of section is 116,183 lbs., or 
61*86 tons; and the corresponding elongation per unit of length is *0337. By 
formula (13). — The work {u) expended in producing rupture = 1957. 


Exp. Y. — Bar of Steel from Messrs. Brown & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, B 5.” Diameter of spe- 
cimen *608 inch. Area *29 square inch. Reduced diameter after 
fracture *60 inch. Area *2827 square inch. 


1 

10249 





Specimen of steel 

2 

11929 





cast from Swe- 

3 

13609 





dish iron, of mild 

4 

15289 





quality for weld- 

5 

16969 



•0006 


ing- 

6 

18649 



•0060 


7 

20329 



•0087 



8 

22009 



*0137 ! 



9 

23689 



•0168 ; 



10 

25369 



*0187 



11 

27049 



•0250 



12 

28729 



*0300 



13 

30371 



•0375 



14 

31916, 

116655 

49’i3 

— 

*0331 

Broke in neck. 


Besulta , — Here the breaking strain (Pj) per square inch of section is 110,066 lbs., or 
49*13 tons ; and the corresponding elongation per unit of length is *0376, By 
ormula (13). — The work (u) expended in producing rupture = 2063. 
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Exp, VI. — Bar of Steel from Messrs. Brown & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, ‘‘ B 6.” Diameter of specimen 
•742 inch. Area *4324 square inch. Reduced diameter after fracture 
•525 inch. Area •2164 square inch. 


Ko. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

10249 

« • • * 


•0012 


Bar of Bessemer 

2 

18649 



•0025 


steel. 

3 

25369 



*0043 



4 

27049 



*0187 



5 

28729 



•0275 



6 

30304 



•0325 



7 

31849 



•0387 



8 

33439 


.... 

•0475 



9 

35014 



•0612 



10 

36664 



•0650 



11 

38224 



•0837 



12 

39764 

91972 

41*05 

— 

i -1962 



Besvlts . — ^Here the breaking strain (P^) per square inch of section is 
91,972 lbs., or 41*05 tons ; and the corresponding elongation (Zj) per unit of 
length is *0837. By formula (13). — ^The work (it) expended in producing 
rupture = 4522. 


Exp. VII. — Bar of Steel from Messrs. Brown and Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, B 7.” Diameter of specimen 
•74 inch. Area *43 square inch. Reduced diameter after fracture 
•72 inch. Area *4071 square inch. 


1 

22009 


.... 

*0012 


Specimen of dou- 

2 

25369 



*0018 


ble shear steel 

3 

28729 



•0143 


from Swedish 

4 

30304 



•0175 


bar. 

5 

31849 



•0200 



6 

33439 



•0218 

i 


7 

35014 



•0268 



8 

36664 



•0300 



9 

38224 



•0406 



10 

39799 

92555 

4 i -*31 1 

.... 

•0543 

Broke in neck. 


Results . — ^Here the breaking strain (P^) per square inch of section is 
92,555 lbs., or 41*31 tons ; and the corresponding elongation (Z,) per unit of 
length is. *0406. By formula (13). — The work (u) expended in producing 
rupture = 1878. 





ON THE ^iCECHANfCAL FROPEETIES OF STEEL. ^5^5 

Exp. YIII. — Bar of Steel from Messrs. Brown <fc Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, B 8.” Diameter of specimen 
•607 inch. Area = ’2893 square inch. Eednced diameter after 
fracture *555 inch. Area *242 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of lengtli. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

10451 



•0000 


Specimen of fo- 

2 

12131 



•0000 


reign bar ” not 

3 

13811 



*0087 


melted, but tilted 

4 

1 15491 



•0250 


direct. 

5 

17171 



•0362 



6 

18851 



*0518 



7 

20531 

.... 


•0968 


[neck. 

8 

22211 

76774 

34*27 


•1356 

Broke 1 inch from 


Resvlts , — Here the breaking strain (P^) per square inch of section is 
76,774 lbs., or 34*27 tons ; and the corresponding elongation (l^ per unit of 
length is '0968. By formula (13). — The work {u) expended in producing 
rupture =371 5. 


Exp. IX. — Bar of Steel from Messrs. Brown & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, B 9.” Diameter of specimen 
•606 inch. Area *2884 square inch. Eeduced diameter after frac- 
ture *41 inch. Area *132 square inch. 


1 

10451 



•0143 

.... 

Specimen of (B) 

2 

12131 

• • • « 

• • • • 

•0275 


bar. English 

3 

13811 


.... 

•0412 


tilted steel, 

4 

15494 

.... 


•0762 


made from En- 
glish and fo- 
reign pigs. 

5 

17171 

59538 

26-57 


•2106 

Broke in the cen- 
tre. 


JResults , — Here the breaking strain (P^) per square inch of section is 
69,538 lbs., or 26‘57 tons ; and the corresponding elongation per unit of 
length is •0762. By formula (13). — rTho work (w) expended in producing 
rupture =2268. 


1867. 







m 


EiipaEf-^1867. 


Ext* X.'^iPar of Bteol from Messrs, Cammell & Co., Sheffield, Blonga- 
tiOEP taken on 8‘5 inches length. Mark on bar, 1.” Diameter of 
speoimen *608 inch. Area *29 square inch. Eeduced diameter 
after fracture *606 inch. Area *2884 square inch. 


No. 

of 

Exp. 


Weight 
laid on. 


Breaking strain per 
square inch of section. 


1 

lbs. 

10451 

2 

12131 

3 

13811 

4 

15491 

5 

17171 

6 

18851 

7 

20531 

8 

22211 

9 

23891 

10 

25571 

11 

27146 

12 

28796 

13 

30341 

14 

31916 


lbs. 


110055 


tons. 


49*13 


Per unit of length. 


Elongation. 

Permanent. 

set. 

Bemarks. 

— 

.... 

Specimen of cast 
steel, termed 
^‘Diamond 

•0000 

•0005 

•0005 

•0005 

*0005 

•0005 

•0011 

•0118 

*0160 


Steel.’^ 

•0177 

•0153 

' Held this weight ^ a 
minute, and broke 

... * 

2^ ins. from neck. 


Results , — Here the breaking strain (Pj) per square inch of section is 
110,055 lbs., or 49*13 tons ; and the corresponding elongation (Z^) per unit of 
length is *01 77. Py formula (13). — The work (w) expended in producing 
rupture =974. 


Exp. XI. — Bar of Steel from Messrs. CammeU & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, “ 2.’^ Diameter of specimen 
•61 inch. Area *2922 square inch. Deduced diameter after frac- 
ture *605 inch. Area *2874 square inch. 


1 

10451 





Specimen of steel 

2 

12151 





termed Tool 

3 

13811 





Steel.’ ^ 

4 

15491 






5 

17171 






6 

18561 

, . . . 


•0025 



7 

20531 



•0025 



8 

22211 

• • • • 


•0025 



9 

23891 



•0025 



10 

25571 



•0025 



11 

27131 



•0150 



12 

28706 



•0150 



13 

30281 

• • • • 


*0206 



14 

31871 

109072 

48*69 

.... 

•0150 

Broke in neck. 


Results , — ^Here the breaking strain (P^) per square inch of section is 
109,072 lbs., or 48*69 tons ; and the corresponding elongation (ZJ per unit of 
leu^h is ‘0206, By formula (13). — ^The work (u) expended in producing 
rupture«1123. 





ON THE MECHANICAIi PBOFBETIES OF STEEL. 

Exp. XII. — Bar of Steel from Messrs. CammeU & Co., SheflBleld. Elonga- 
tions taken on 8 inches length. Mark on bar| 3.’’ Diameter of 
specimen *609 inch. Area *2912 square inch. Beduoed diameter 
after fracture *605 inch. Area *2874 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

• 

Breaking strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

10451 



•0018 

• . . • 

Specimen of cast 

2 

12131 



•0018 


steel, termed 

3 

13811 



•0018 


Chisel Steel.’’ 

4 

15494 



-0018 



5 

17171 



•0018 



6 

18851 



•0025 



7 

20531 



•0025 



8 

22211 



•0037 



9 

23891 



•0050 



10 

25571 



•0143 



11 

27221 



•0162 



12 

28796 


I .... 

•0194 



13 

30371 



•0217 



14 

31916 



•0243 



15 

33506 



•0281 



16 

35066 

120398 

53-75 

— 

•0250 

Broke in neck. 


Results , — Here the breaking strain (PJ per square inch of section is 
120,398 lbs., or 63*75 tons ; and the corresponding elongation (Z^) per unit of 
length is *0281. By formula (13). — The work (u) expended in producing 
rupture = 1691. 


Exp. XIII. — Bar of Steel from Messrs. Cammell & Co., Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar, 4.” Diameter of 
specimen *738 inch. Area *4277 square inch. Reduced diameter after 
fracture *729 inch. Area *4173 square inch. 


1 

25369 



•0025 


Specimen of cast 

2 

28729 



•0081 


steel, termed 

3 

30304 



•0100 


‘"Double Shear 

4 

31849 



•0137 


Steel.” 

5 

33439 



•0150 



6 

35014 



•0162 



7 

36664 



•0187 



8 

38224 



*0218 



9 j 

39784 



•0250 



10 

41344 

96665 

43-i5 

— 

*0237 

Broke in neck, 


Results , — Here the breaking strain (Pj) per square inch of seotiou is 
96,665 lbs., or 43*15 tons ; and the corresponding elongation per unit of 
length is *0250. By formula (13). — The work (u) expended in producing 
rupture =1208. 

n 2 





m 


EBPOET — 1867. 


Mxp, XIV. — ^Bar of Steel from Messrs. Cammell & Co., Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar, 5.’* Diameter of spe- 
cimen *739 Inch. Area *4289 square inch. Deduced diameter alter 
fracture •511 inch. Area *2042 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Eemarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

25369 



•0206 

.... 

Bar of hard Bes- 

2 

27049 



•0268 


semer steel. 

3 

28729 

.... 


•0337 



4 i 

30304 



•0543 



5 

31849 



•0687 



6 

33439 



•0700 



7 

35014 


* * * * 

•0937 



8 

36664 



•1437 



9 

38224 

89121 

39-78 

— 

•2087 

Broke near centre. 


Results , — ^Here the breaking strain (Pj) per square inch of section is 
89,121 lbs,, or 39*78 tons ; and the corresponding elongation (if^) per unit of 
length is -1437. By formula (13).— The work {u) expended in producing 
rupture as 6403, 


Exp XV.— Bar of Steel from Messrs. Cammell & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, “ 6.” Diameter of specimen 
*611 inch. Area -2932 square inch. Deduced diameter after fracture 
•391 inch. Area *12 square inch. 


1 

10451 




.... 

2 

12131 





3 

13811 





4 

15491 



•0000 


5 

17171 



•0056 


6 

18851 



•0331 


7 

20531 



•0743 


8 

22211 

1 • • • 


•1200 


9 

23891 

81483 

36*37 

— 

•2043 


Bar of soft Bes- 
semer steel. 


Broke near centre. 


Results , — ^Here the breaking strain (P^) per square inch of section is 
81,483 lbs., or 36*37 tons ; and the corresponding elongation (Z^) per imit of 
length is *1200. By formula (13). — The work (w) expended in producing 
Irupture = 4888.s 




ON THE mechanical PROFEBTIES OP STEEL* 


239 


Exp* XVI. — Bar of Steel from Messrs, Xaylor, Vickers & Co., ShelBeld# 
Elongations taken on 8 inches length. Mark on bar, Axle Steel.” 
Diameter of specimen *606 inch. Area '2884 square inch. Beduced 
diameter after^fracture *44 inch. Area *152 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square iiioh of section. 

Per unit of length. 

Bemarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

10451 


.... 

•0031 

.... 

Specimen of cast 

2 

12131 



•0031 


steel, converted 

3 

13811 



•0031 


in the crucible, 

4 

15491 



•0031 


from bar-iron 

5 

17171 



•0031 


with the addition 

6 

18851 



•0218 


of manganese. 

7 

20531 



•0300 


• 

8 

22211 



•0412 



9 

23891 



•0625 



10 

25571 

88665 

39*58 

— 

•1625 

Broke in centre. 


Results , — Here the breaking strain (P^) per square inch of section is 
88,665 lbs., or 39*58 tons ; and the corresponding elongation (7^) per unit jf 
length is *0625. By formula (13). — The work (w) expended xn producing 
rupture s= 2270. 


Exp. XVII. — Bar of Steel from Messrs. Xaylor, Vickers & Co., Sheffield. 
Elongations taken on 8 inches length. Mark on bar, “ V T.” Diameter 
of specimen *744 inch. Area *4347 square inch. Beduced diameter 
after fracture *53 inch. Area *2206 square inch. 


1 

18649 





Specimen of cast 

2 

25369 





steel, converted 

3 

27049 



•0031 


in the crucible. 

4 

28729 



•0068 


from bar-iron 

5 

30304 



•0100 


with the addition 

6 

31849 



•0150 


of manganese. 

7 

33439 



•0225 



8 

35014 



•0287 



9 

36664 



•0362 



10 

38224 



•0475 



11 

39784 

91520 

40-85 

• • ♦ * 

•0900 

Broke 2| in. from 







neck. 


Results , — ^Hero the breaking strain (Pj) per square inch of section is 
91,520 lbs., or 40*85 tons ; and the corresponding elongation (7^) per unit of 
length is *0475. By formula (13). — ^The work (t^) expended in producing 
rupture = 2173. 





X VIII**— Bar of Steel from Messrs. Naylor, Vickers & Co., Sliefileld* 
Elongations taken on 8 inches length. Mark on bar, ‘‘V S.” Dia- 
meter of specimen *738 inch. Area *4277 square inch. Beduced 
diameter after fracture *734 inch. Area •4231^quare inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per imit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


Ihs. 

lbs. 

tons. 




1 

25369 

.... 




Specimen of cast 

2 

27049 





steel, converted in 

3 

28729 





the^ crucible, from 

4 

30304 





bar-iron with the 

5 

31849 





addition of man- 

6 

33439 





ganese. 

7 

35014 






8 

86664 






9 

38224 



•0006 



10 

39784 



•0012 



11 

41344 



•0014 



12 

42904 



•0018 



13 

44464 



•0020 



14 

46064 



♦0025 



16 

47764 



•0037 



16 

49549 



•0050 



. 17 

61619 



•0009 



18 

53525 



•0093 


/Held this weight 

19 

65414 



•0100 


J 15 seconds, and 

20 

57374 

134i45 

59-87 


•0100 

I then broke. 


Results . — Here the breaking strain (P,) per square inch of section is 134,145 lbs., or 
59'87 tons; and the corresponding elongation (l^) per unit of length is *0100. By 
formula (13). — ^The work (u) expended in producing rupture = 670. 


Exp. XIX. — Bar of Steel from Messrs. Naylor, Vickers & Co., Sheffield. 
Elongations taken on 8 inches length. Mark on bar, ^‘2*66 Cast Steel.” 
Diameter of Specimen *615 inch. Area *297 square inch. Reduced 
diameter after fracture *609 inch. Area *2912 square inch. 


1 

10461 



•0000 


Specimen of cast 

2 

12131 



•0016 


steel, converted in 

3 

13811 



•0016 


the crucible, from 

4 

16491 



•0016 


bar- iron with the 

.5 

17171 



•0016 


addition 'of man- 

6 

18851 



•0016 


ganese. 

7 

20531 



•0016 



8 

22211 



*0016 



9 

23891 



•0093 



10 

25571 



•0093 



11 

27221 



•0131 



12 

28796 



•0150 



13 

30371 



•0175 



14 

31960 



•0275 



15 

38606 



•0287 



16 j 

35066 

lisoee 

52-70 


•0175 



Here the breaking strain (Pj) per square inch of section is 118,006 lbs., or 
w70 tons; and the corresponding elongation (^j) per imit of length is "0287. By 
(13).— The work (w) cT^pended in producing rupture 55 = 1694. 





ON THE MECHAlVtCiJEi PEOTE&TIES OF STEEL. Stl 

Exp. XX. — ^Bar of Steel from Messrs. Osborn & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, 0 1.” Diameter of sl)ecimen 
•745 mob. Area *4359 square inch. Deduced diameter after fracture 
•739 inch. Area *4289 square inch. 


No. 

of 

Exp. 

Weight 
laid on 

Breaking 
square indi 

strain per 
of section. 

Per unit of length. 

Bemarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons 




1 

18649 



.... 

* . . . 

Specimen of best 

2 

22009 



•0012 


cast turning-tool 

3 

25369 



•0012 


steel. 

4 

27049 



•0012 



5 

28729 



•0012 



6 

30304 



•0018 



7 

31849 



•0025 

i 


8 

35014 



•0060 



9 

36664 



•0160 



10 

38224 


.... 

•0160 



11 

39784 



•0118 



12 

41344 



•0156 



13 

43129 

98942 

44*17 


•0093 

Broke in neck. 


Eemlts . — Here the breaking strain (P^) per square inch of section is 
98,942 lbs.> or 44*17 tons ; and the corresponding elongation (ZJ per unit 
of length is •0156, By formula (13). — ^The work (u) expended in producing 
rupture = 771. 


Exp. XXI. — Bar of Steel from Messrs. Osborn & Co., Sheffield, Elongations 
taken on 8 inches length. Mark on bar, 0 2.” Diameter of specimen 
*731 inch. Area *4196 square inch, lieduced diameter after fracture 
•721 inch. Area ’4082 square inch. 


1 

25369 



•0018 


Specimen of best 

2 

28729 



•0031 


cast steel for 

3 

31849 



•0068 


cold-chipping 

4 

35014 



•0106 


chisels. 

5 

38224 



•0143 



6 

41344 



•0193 



7 

44464 



•0238 



8 

46054 



•0256 



9 

47764 



•0275 



10 

49694 



•0318 



11 

51899 

123686 

55*21 

— 

*0318 

Broke in nock. 


Eesults , — Here the breaking strain (P^) per square inch of section is 
123,686 lbs., or 55^21 tons; and the corresponding elongation (Zj) p^ unit 
of length is *0318. By formula (13).— The work (u) expended in producing 
rupture = 1966. 




eepokt~18674 


mi 


Exp. XXII, — ^Bax of Steel from Messrs. Osborn & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, 0 3.” Diameter of specimen 
*738 inch. Area *4277 square inch. Reduced diameter after fracture 
•728 inch. Area *4162 square inch. 


No. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Remarks. 

of 

Exp. 

Elongation. 

Permanent 

set. 

1 

lbs. 

22009 

lbs. 

tons. 

•0018 


Specimen of best 

2 

25369 



•0025 


cast steel for hot 

3 

28729 



•0050 


and cold sates- 

4 

31849 



•0081 


cups, shear 

5 

33439 



•0093 


blades, and 

6 

35014 



•0118 


boiler - maker’s 

7 

36664 



•0156 


steel. 

8 

9 

10 

11 

12 

13 

39784 

42904 

44464 

46054 

47764 

49549 

1 

li5849 

5V-7i 

•0193 

•0225 

•0237 

•0268 

•0298 

1 

•0212 

Broke in neck. 


Results , — Hero the breaking strain (Pj) per square inch of section is 
115,849 lbs., or 51*71 tons; and the corresponding elongation (if^) per unit of 
length is *0298. By formula (13). — The work (?^) expended in producing 
rupture = 1726. 


Exp. XXIIT. — Bar of Steel from Messrs. Osborn & Co., Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar, ‘‘ 0 4.’* Diameter of 
specimen *73 inch. Area *4185 square inch. Reduced diameter after 
fracture *725 inch. Area *4128 square inch. 


1 

25369 



•0037 


Specimen of best 

2 

27049 



•0050 


cast steel for taps 

3 

28729 



•0062 


and dies. 

4 

30304 



•0075 



5 

31849 



•0100 



6 

33439 



•0118 



7 

35014 



•0131 



8 

36664 



•0143 



9 

38224 



•0168 



10 

39784 

.... 


•0181 



11 

41344 

98790 

1 44-ib 

— 

•0168 

Broke in neck. 


Results , — Here the breaking strain (PJ per square inch of section is 
'US, 790 lbs., or 44*10 tons ; and the corresponding elongation (Z^) per unit of 
length is *0181. By formula (13). — ^The work (w) expended in producing 
rupture = 894. 






ON TUB MECHANICAL PROPERTIES OP STEEL. 


Exp. XXIY. — Bar of Steel from Messrs. Osborn & Co., Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar, 0 6.” Diameter of 
specimen *714 inch. Area *4312 square inch. Eeduced diameter 
after fracture *72 inch. Area *4071 square inch. 


No. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Bemarks. 

of 

Exp. 

Elongation. 

Permanent 

set. 

1 

lbs. 

28729 

lbs. 

tons. 

•0125 


Specimei^ of tough- 

2 

31849 



•0168 


ened cast steel 

3 

33439 



*0200 


for shafts, piston- 

4 

35014 



*0231 


rods, and machi- 

5 

38224 



*0312 


nery purposes. 

6 

7 

41344 

44464 

losiie 

46*63 

•0431 

*0525 

Broko in neck. 


Results . — Here the breaking strain (P^) per square inch of section is 
103,110 lbs., or 46*03 tons; and the corresponding elongation (2^,) per unit of 
length is *0431. By formula (13). — The work {u) expended in producing 
rupture = 2222. 


Exp. XXV. — Bar of Steel from Messrs. Osborn & Co., Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar, 0 6.” Diameter of 
specimen *744 inch. Area *4347 square inch. Beduced diameter 
after fracture *734 inch. Area *4231 square inch. 


1 

22009 



*0031 


Specimen of best 

2 

25369 



*0062 


double shear 

3 

28729 



•0125 


steel. 

4 

30304 



•0143 



5 

31849 



•0168 



6 

33439 



•0187 



7 

35014 



•0206 1 



8 

36664 


• • » • 

•0243 



9 

38224 

87931 

39-25 


•0243 

Broke in neck. 


Results . — Here the breaking strain (Pj) per square inch of section is 
87,931 lbs., or 39*25 tons ; and the corresponding elongation (7^) per unit of 
length is *0243. By formula (13). — The work (te) expended m producing 
rupture = 1068. 





EttOET— 1807. 


Ext. XXVI.— Bar of Steel from Messrs. Osborn & Co., Sheffield. Elongations 
takeE on 8 inches length. Mark on bar, 0 7 Diameter of specimen 
•738 inch. Area -4277 square inch. Reduced diameter after fracture 
•736 inch. Area *4254 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

28729 

• • • • 

.... 

•0037 

.... 

Specimen of extra 

2 

31^49 

.... 

* • • * 

•0037 


best cast steel 

3 

35014 


.... 

•0037 


for turning-tools, 







cast steel wheel 







axles, &c. 

4 

36664 

85724 

38*26 


•0043 

Broke in neck. 


Results , — Here the breaking strain (P^) per square inch of section is 
85,724 lbs., or 38*26 tons ; and the corresponding elongation (l^) per unit of 
length is ‘0037* By formula (13). — The work (w) expended in producing 
rupture «a 158, 


Exp. XXVII. — Bar of Steel from Messrs. Osborn & Co., Sheffield. Elongations 
taken on 8 inches length. Mark on bar, 0 8.^’ Diameter of bar 
•738 inch. Area *4277 square inch. Reduced diameter after fracture 
•696 inch. Area *2789 square inch. 


1 

28729 



•0131 


Specimen of cast 

2 

31849 



•0162 


steel for boiler- 

3 

35014 



•0231 


plates. 

4 

38224 



•0312 


5 

41344 



•0456 



6 

44464 



•0625 



7* 

46054 



•1062 



8 

47764 

liim 

49*85 

— 

•1350 

Broke in centre. 


BeMts . — Here the breaking strain (P^) per square inch of section is 
111,676 lbs., or 49*85 tons ; and the corresponding elongation per unit of^ 
length is *1062. By formula (13). — ^The work (w) expended in producing 
rupture x= 5930. 





ON THE ifmtwmfm Of tmmtu 


Exp. XXyill. — Bar of Steel from Messrs. Bessemer & Co., Sheffield. Elon- 
gations taken on 8 inches length* Mark on bat, <<B 81” Binmeterof 
specimen *728 inch. Area *4162 square inch. Bediieed diameter 
after fracture *719 inch. Area *406 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Eemarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

18649 

.... 

• • • • 

.... 



Bar of hard Bes- 

2 

25369 


• • • • 

•0018 


semer steeL 

3 

28729 


• • • k 

•0068 



4 

30304 


.... 

•0081 



5 

31849 


.... 

•0093 



6 

35014 


.... 

•0131 



7 

38224 


.... 

•0168 



8 

41344 




•0187 



9 

42904 

103085 

46-02 


•0187 

Broke in two places. 


Besults . — Here the breaking strain (Pj) per square inch of section is 
103,085 lbs., or 46*02 tons ; and the corresponding elongation (l^) per unit of 
length is *0187. By formula (13). — ^The work (w) expended in producing 
rupture = 963. 


Exp. XXIX. — Bar of Steel from Messrs. Bessemer & Co., Sheffield. Elon- 
gations taken on 8 inches length. Mark on bar, BS2.” Diameter of 
specimen *743 inch. Area *4335 square inch. Eeduced diameter 
after fracture *531 inch. Area *2214 square inch. 


1 

18649 



•0012 


Specimen of milder 

2 

22009 



•0017 


Bessemer steel 

3 

25369 



•0237 


than No. 1. 

4 

27049 



•0300 



5 

28729 



•0332 



6 

30304 



•0362 



7 

31849 


. . . 

■ -0462 



8 

33439 



•0600 



9 

35014 



•0818 



10 

36664 



*1093 



11 

38224 

88175 

39-36 

.... 

•2000 

Broke near centre* 


Mesults . — Here the breaking strain (Pj) per square incL of section is 
88,175 lbs., or 39*36 tons ; and the corresponding elongation (l^) per unit of 
length is *1093. By formula (13). — ^The work (u) expended in producing 
rupture = 4818. 
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EIPORT — 1867. 


Exp. X XX . — Bar of Steel from Messrs. Bessemer & Co., Sheffield, Elonga- 
tions taken on 8 inches length. Mark on bar, B S 3.’^ Diameter of 
specimen *736 inch. Area *4254 square inch. Eeduced diameter 
after fracture *486 inch. Area *1885 square inch. 


Ko. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Bemarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

22009 

.... 


•0025 

.... 

Specimen of soft 

2 

26369 

.... 


•0293 


Bessemer steel. 

3 

27049 



•0418 



4 

28729 

.... 


•0593 



5 

30304 



•0718 



6 

31849 

.... 


•0981 



7 

33439 

78606 

35-69 

— 

•1912 

Broke in centre. 


Results , — ^Here the breaking strain (PJ per square inch of section is 
78,606 lbs,, or 35*09 tons ; and the corresponding elongation (Z^) per unit of 
length is *0981. By formula (13).— The work (w) expended in producing 
rupture =3855. 


Exp. XXXI. — Bar of Steel from Mr, Sanderson, Sharrow Vale Works. 
Elongations taken on 8 inches length. Mark on bar, S 1.’’ Dia- 
meter of specimen *697 inch. Area *3815 square inch. Eeduced 
diameter after fracture *694 inch. Area *3782 square inch. 


1 

22009 

• . . • 



2 

25369 



3 

28729 

.... 



4 

30304 

— 

— 

5 

31849 

83484 

37*26 


•0050 


Specimen of bar of 

•0087 


cast steel, from 

•0162 


K. B., a llussian 

•0187 


iron, suitable for 



welding. 


•0225 

Broke in neck. 


Here the breaking strain (PJ per square inch of section is 
83,484 lbs., or 37*26 tons ; and the corresponding elongation (Z ) per unit of 
length is *0187. By formula (13).— The work (u) expended in producing 
xupture=780. 
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Exp. XXXII. — Bar of Steel from Mr. Sanderson, Sharrow Vale Works. 
Elongations taken on 8 inches length. Mark on bar, S 2.’’ Diameter 
of specimen *737 inch. Area *4266 square inch. Eeduced dia- 
meter after fracture *723 inch. Area *4105 square inch. 


No. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length* 


of 

Exp. 

Elongation. 

Permanent 

set. 

Eemarks. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

lbs. 

22009 

25369 

27049 

28729 

31849 

33439 

36664 

39784 * 

41344 

42904 

44464 

46054 

lbs. 

.... 

1 .... 

.... 

107940 

tons. 

48*i8 

*0018 

•0050 

•0075 

•0093 

•0100 

•0131 

•0875 

•0231 

*0256 

•0293 

•0318 

1 

•0331 

Specimen of double 
shear steel, from 
a Swedish 

iron. 

( Bore this weight 15 
i seconds, and then 
[ broke in neck. 


Results , — Here the breaking strain (P^) per square inch of section is 
107,940 lbs., or 48*18 tons ; and the corresponding elongation per unit 
of length is *0318. By formula (13).— The work {u) expended in produ- 
cing rupture =1716. 


Exp. XXXIII. — Bar of Steel from Mr. Sanderson, Sharrow Vale Works. 
Elongations taken on 8 inches length. Mark on bar, S 3.^^ Diameter 
of specimen *714 inch. Area *4003 square inch. Eeduced dia- 
meter after fracture *693 inch. Area *3771 square inch. 


1 

22009 



•0037 


Specimen of single 

2 

25369 



•0100 


shear steel from 

3 

28729 



•0156 


a Swedish 

4 

31849 



•0212 


. 

5 

35014 



*0225 


iron. 

6 

38224 



*0250 



7 

41344 



•0275 



8 

42904 

107182 

47*84 

— 

•0281 

Broke in neck. 


ResvUts , — Here the breaking strain (Pj) per square inch of section is 107,182 
lbs., or 47*84 tons ; and the corresponding elongation (Z^) per unit of length is 
•0275. By formula (13). — ^The work (tt) expended in producing rupture 
=1473. 
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Exp. XXXIV. — Bar of Steel from Mr. Sanderson, Sharrow Vale Works. 
Elpngations taken on 8 inches length. Mark on bar, S Diameter 
of specimen *744 inch, 4rea *4374 square inch. Eeduced diameter 
after fracture *737 inch. Area *4266 square inch. 


No. 

Weight 
laid on. 

Breaking strain per 
square inch of section, 

• 

Per unit of length. 

Bemarks. 

of 

Exp. 

Elongation. 

Permanent 

set. 

1 

lbs. 

22009 

lbs. 

tons. 

•0031 


Bar of faggot steel 

2 

25369 



•0043 


drawn from ^ 

3 

27040 



•0081 


bar steel, simply 

4 

28720 



•0087 


welded to make 

6 

80304 

.... 


•0125 


it sound. 

6 

7 

31849 

32689 

75199 

33-57 

; -0137 

•0125 

Broke in neck. 


Results . — ^Here the breaking strain (Pj) per square inch of section is 
75,199 lbs., or 33*57 tons ; and the corresponding elongation (7^) per unit 
of length is *0137. By formula (13). — ^The work {u) expended in producing 
rupture w 615. 


Exp. ’XXX.Y . — Bar of Steel from Mr. Sanderson, Sharrow Vale Works. 
Elongations taken on 8 inches length. Mark on bar, ‘‘ S bJ* Diameter 
of specimen *738 inch. Area *4277 square inch. Deduced diameter 
after fracture *723 inch. Area *4105 square inch. 


1 

25369 


.... 

•0037 


Specimen of drawn 

2 

27049 



•0050 


bar from ^ steel 
not welded. 

3 

4 

28729 

30304 



•0087 

•0156 


5 

31879 



•0162 



6 

33439 



•0187 



7 

36014 



•0212 



8 

36664 



•0243 



9 

30784 



•0262 



10 

41344 






11 

42904 






12 

44464 

103960 

46-41 

— 

•0343 

Broke in neck. 


. Results . — Here the breaking strain (Pj) per square inch of section is 
103,960 lbs., or 46*41 tons; and the corresponding elongation (7^) per unit 
of length is *0262. By formula (13). — ^The work (w) expended in producing 
raptupe 55S 1782. 
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Exp. XXXVI. — Bar of Steel from Messrs. Turton & Sons, Sheffield. 
Elongations taken on 8 inches length. Mark on bar, “A.’’ Diameter 
of specimen *725 inch. Area *4128 square inch. Eeduced diameter 
after fracture *709 inch. Area *3948 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Remarks. 

Elongation. 

Permanent 

set. 


lbs. 

.lbs. 

tons. 




1 




•0025 

.... 

Specimen of steel 

2 

25369 

.... 

. , . . 

•0043 


employed in the 

3 

28729 



•0100 


manufacture of 

4 

31849 



•0143 


cups. 

5 




*0187 



6 

38224 



*0250 



7 

39784 



1 *0312 


1 

8 

41344 

looiil 

44*n 

— 

*0275 

Broke in neck. 


Results , — Here the breaking strain (P^) per square inch of section is 
100,165 lbs., or 44*71 tons ; and the corresponding elongation (l^ per unit 
of length is *0312. By formula (13). — ^The work (w) expended in produdng 
rupture = 1562. 


Exp. XXXYII. — Bar of Steel from Messrs. Turton & Sons, Sheffield. 
Elongations taken on 8 inches length. Mark on bar, B.” Diameter 
-of specimen *745 inch. Area *4359 square inch. Reduced diameter 
after fracture *74 inch. Area *43 square inch. 


1 

22009 



*0018 


Specimen of steel 

2 

25369 



•0018 


used in the manu- 

3 

28729 



*0018 


facture of drills. 

4 

31849 



*0031 



5 

35014 



*0106 



6 

36604 

• • * • 


*0106 



7 

38164 

87552 

39*08 

— 

•0106 

Broke ii^ neck. 


Results . — Here the breaking strain (Pj) per square inch of section is 
87,552 lbs., or 39*08 tons ; and the corresponding elongation {\) per unit 
of length is *0106. By formula (13). — ^The work (u) expended in pyoduping 
rupture 5=: 464. 
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Exp. XXXVIII.— Bar of Steel from Messrs. Turfcott & Sons, Sheffield. 
Elongations taken on 8 inches length. Mark on bar, C.’’ Diameter 
of specimen *743 inch. Area *4335 square inch. Keduced diameter 
after fracture *74 inch. Area *43 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Bemarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

22009 



•0031 

.... 

Specimen of steel 

2 

26369 



^0031 


used in the ma- 

3 

28729 



•0031 


nufacture of 

4 

30304 



‘0031 


cutters. 

5 

31849 



•0037 



6 

33439 



•0106 



7 

35014 




•0137 



8 

36664 



•0150 



9 

38224 



•0162 



10 

39784 



•0181 



11 

41344 

95372 

42*57 

— 

,•0137 

Broke in neck. 


Besults , — ^Here the breaking strain (Pj) per square inch of section is 
95,372 lbs., or 42*57 tons ; and the corresponding elongation (?j) per unit of 
length is *0181. By formula (13). — The work (w) expended in producing 
rupture = 863. 


Exp. XXXIX.— Bar of Steel from Messrs. Turton & Sons, Sheffield. Elon- 
gations taken on 8 inches length. Mark on bar, “ D.” Diameter 
of specimen *719 inch. Area *4060 square inch. Deduced diameter 
after fracture *717 inch. Area *4037 square inch. 


1 

22009 




.... 

Specimen of steel 

2 

25369 

• # • • 

.... 

•OOOG 


used in the con- 

3 

28729 

— 

— 

•0018 

{ 

struction of 

turning-tools. 

4 

31849 

80273 

35-02 

1 

*0012 i 

1 

Broke in neck. 


Besults . — Here the breaking strain (P^) per square inch of ‘section is 
80,273 lbs., or 35*02 tons ,* and the corresponding elongation per unit of 
length is *0018. By formula (13). — The work (u) expended in producing 
rupture » 72. 
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Exp. XL. — ^Bar of Steel from Messrs. Turton Sons, Sheffield. Elon- 
gations taken on 8 inches length. Mark on bar, “E.” Diameter 
of specimen *743 inch. Area *4335 square inch. Eeduced diameter 
after fracture *737 inch. Area *4266 square inch. 


No. 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Eemarks. 

Elongation. 

Permanent 

set. 


lbs. 

lbs. 

tons. 




1 

22009 



*0006 


Specimen of steel 

2 

25369 



•0018 


used in the ma- 

3 

28729 



*0031 


nufacture of ma- 

4 

31849 



*0062 


chinery. 

5 

35014 



*0093 



6 

36664 



•0106 



7 

39784 



*0143 



8 

42904 



•0181 



9 

44614 

1029i5 

45*94 


•0143 

Broke in neck. 


Results , — Here the breaking strain (P^) per square inch of section is 
102,915 lbs., or 45*94 tons ; anJ the corresponding elongation (7^) per unit 
of length is *0181. By formula (13). — ^The work (w) expended in produ- 
cing rupture = 929. 


Exp. XLI. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Elon- 
gations taken on 8 inches length. Mark on bar, F.” Diameter 
of specimen *743 inch. Area *4335 square inch. Eeduced diameter 
after fracture *738 inch. Area *4277 square inch. 


1 

22009 



*0025 


Specimen of steel 

2 

25369 



*0050 


used in the ma- 

3 

28729 



*0081 


nufacture of 

4 

31849 



*0100 


punches. 

5 

35014 



•0125 



6 

38224 



•0131 



7 

41344 



•0206 



8 

44464 

1 

102567 

45*79 

— 

•0162 

Broke in neck. 


Results , — Here the breaking strain (P^) per square inch of section is 
102,567 lbs., or 45*79 tons ; and the corresponding elongation per unit 
of length is *0206, By formula (13). — The work (u) expended in producing 
rupture « 1056. 

1867. s 
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Eso?, XLII. — ^Bar of Steel from Messrs. Turton & Sons, Bhefl9[eld. Elonga- 
tions taken on 8 inches length. Mark on bar, G.” Diameter of 
specimen *743 inch. Area *4335 square inch. Reduced diameter 
after fracture *729 inch. Area *4173 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Bemarks. 




lbs. 

lbs. 

tons. 




1 

22009 



•0018 

.... 

Specimen of steel 

2 

26369 



•0018 


used in the manu- 


28729 



•0050 


facture of Mint 


31849 



•0081 


dies. 





•0112 



c 

38224 



•0150 




41344 



•0187 







•0243 



9 



47-42 


•0287 

Broke in neck. 


Besults , — ^Here the breaking strain (PJ per square inch of section is 
106,237 lbs., or 47*42 tons ; and the corresponding elongation (l^) per unit 
of length is *0243. By formula (13). — ^The work (t^) expended in producing 
rupture = 1290. 


Exp. XLIII. — ^Bar of Steel from Messrs. Turton & Sons, Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar, Diameter of speci- 
men *746 inch. Area *4370 square inch. Reduced diameter after 
fracture *741* inch. Area *43 square inch. 


1 

25369 





Specimen of steel 

2 

28729 


.... 

•0031 


used in the ma- 


31849 





nufacture of dies. 


35014 

38224 

87471 

39-04 

•0131 

•0087 

Broke in neck. 


Besults . — ^Here the breaking strain (PJ per square inch of section is 
87,471 lbs., or 39*04 tons; and the corresponding elongation (Z^) per unit of 
length is *0131. By formula (13). — The work (le) expended in producing 
rupture = 572, 
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Exp. XLIY. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar, “I.” Diameter of spe- 
cimen -733 inch. Area *4219 square inch. Deduced diameter after 
fracture *725 inch. Area *4128 square inch. 


No. 

of 

Exp. 

Weight 
laid on. 

Breaking strain per 
square inch of section. 

Per unit of length. 

Bemarks. 

Elongation. 

Pe rmanent 
set. 


lbs. 

lbs. 

tons. 




1 

25369 



*0031 


Specimen of double 

2 

28729 



*0056 


shear steel. 

3 

31849 

.... 


•0087 



4 

33439 



*0106 



5 

35014 



*0118 



6 

36664 



*0143 



7 

38224 



*0169 



8 

39784 


. . * ♦ 

*0193 



9 

41344 

97994 

43*74 

— 

*0187 

Broke in neck. 


Results . — Hero the breaking strain (P^) per square inch of section is 
97,994 lbs., or 43*74 tons ; and the correspon^ng elongation per unit of 
length is *0193, By formula (13). — ^The work {u) expended in producing 
rupture =s 945. 


Exp. XLV. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Elonga- 
tions taken on 8 inches length. Mark on bar/‘tr.’^ Diameter of spe- 
cimen *744 inch. Area *4347 square inch. Deduced diameter after 
fracture *74 inch. Area *43 square inch. 


1 

22009 



*0037 


Specimen of double 

2 

25369 

.... 

«... 

*0050 


Shear steel. 

3 

4 

28729 

31849 

73266 

32*76 

*0087 

*0081 

Broke in neck. 


Results . — Here the breaking strain (P^) per square inch of section is 
73,266 lbs., or 32*70 tons; and the corresponding elongation per unit of 
length is *0087. By formula (13). — The work (u) expended in producing 
rupture =s 318. 


s2 





TabIiE II. — Summary of Itesnlts of the Experiments on Tensile Strain. 
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It will be observed from the above Summary of Results, that in the re- 
duction of the experiments to the value of w, or work done in producing 
rupture, some of the specimens are as low as 72 when the metal is hard and 
brittle, and as high as 6403 (in Exp. 14) where the specimen is of ductile 
Bessemer steel. It required the utmost precision to determine with perfect 
accuracy the elongations of the harder specimens at the point of rupture ; and 
although the elongationsVere magnified and carefully taken, they are never- 
theless not to be relied upon where the value of u is under 300. It would 
have been more correct to have taken the elongations from bars three or four 
times the length ; but this could not be accomplished from the same bars, as 
in most cases it was next to impossible to have them reduced to the required 
dimensions without heating the bars and drawing them out under the hammer. 
This process would have rendered them useless for comparison, which is not 
the case in the present experiments, where the rupture by tension is identical 
with that by compression, as they were cut from the same bars after having 
been submitted to a transverse strain. From this it will be seen that each 
bar has undergone without change the three separate tests of tensile, com- 
pressive, and transverse strain. 



ON THE MECHANtClXi f&Ol^BIlTIES OB STEEL. 
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THIRD SERIES OP EXPERIMENTS. 

COMPEESSION. 

Exp. I.— Bar of Steel from Messra. John Brown & Co.| Sheffield. Metk on 

bar, «B1.” 

Before experiment. After experiment. 

Height of specimen 1*004 inch *755 moh. 

Diameter of specimen *72 inch. ^ .... *774 inch. 

Area of specimen *40715 sq. in *47015 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Woig] 
on per sq 
of se 

it laid 
uare inch 
Btion. 

Compres- 
sion, in 
inches. 


lbs. 

tons. 

Ibf*. 

tons. 


1 

37438 

16-731 

91951 

41*049 

*020 

2 

44966 

20-074 

110440 

49*303 

•025 

3 

52166 

23*288 

128124 

57*198 

*043 

4 

58950 

26-316 

M47<S6 

64-637 

*049 

5 

66022 

29-474 

1G2156 

72-391 

*078 

6 

73134 

32-649 

179772 

80-233 

*117 

7 ' 

80214 

35*809 

197023 

87*952 

*166 

8 

88134 

39*345 

216465 

96-636 

•225 

9 

91840 

41-000 

225568 

100-700 

•253 


Eemarks. 


ti 

One very slight 
crack appeared. 


Remits * — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (l^ per unit of length 
is *253. By formula (13). — The work (u) expended in producing rupture 
= 28533. 


Exp. II. — Bar of Steel from Messrs. John Brown & Co., Sheffield. Mark on 

bar, B 2.’’ 


Before experiment. 


Height of specimen *980 inch. 

Diameter of specimen .... *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 
•724 inch. 
*785 inch. 
•48398 sq. in. 


1 

37438 

16-731 

91951 

41*049 

*020 

f — » 

2 

44966 

20-074 

110440 

49*303 

•025 


3 

52166 

23-288 

128124 

57-198 

•043 

Mm 



4 

68950 

26*316 

144786 

64*637 

*060 

f| 


h 1 

6 

66022 

29-474 

162156 

72-391 

*088 



f 1 

6 

73134 

32-649 

179772 

80-233 i 

*147 

II 


' ' M 

Y 

80214 

35-809 

197023 

87-952 

*196 

H 


m 

8 

88134 

39*345 

216465 

96*636 

•265 

U] 

mmm m 

9 

91840 

41*000 

225568 

1 

100*700 

*263 

Ho cracks. 


Remits , — ^Here the strain per square inch (P^) causing rupture is 225,568 
Ibji., or 100*7 tons ; and the corresponding compression (l^) per unit of length 
is *263. By formula (13). —The work (u) expended [in produemg rupture 
« 29592. 
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eipoet— 1867. 


Exp* m.^Bar of Steel from Messrs. John Brown & Co. Mark on 
bar,«B3.’^ 


Before experiment. After experiment. 

Height of specimen 1*002 inch. .... *832 mch. 

Diameter of specimen *72 inch. .... ‘748 inch. 

Area of spedmen *40715 sq. in *43943 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Compres- 
sion, in 
inches. 

Remarks. 


lbs. 

tons. 

lbs. 

tons. 





1 

37438 

16-713 

91951 

41-049 

•010 



. 

2 

44966 

20-074 

110440 

49*303 

•015 

hr 



3 

52166 

23-288 

128124 

57*198 

•023 

J| 


■ 

4 

68950 

26*316 

144786 

64-637 

•029 

m 


H 

5 

66022 

29*474 

162516 

72-391 

*038 

n 


H 

6 

73134 

32-649 

179722 

80-233 

*067 

H 


■ 

7 

80214 

35-809 

197023 

87*952 

•096 




8 

88134 

39-345 

216465 

96*636 

•155 

V 


IK 

9 

91840 

41-000 

225568 

100*700 

•183 

One 

very slight I 







crack of outside 







skin. 



Eesults , — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100-7 tons ; and the corresponding elongation per unit of length 
is *183. By formula (13). — The work (u) expended in producing rupture 
« 20591. 


Exp. IV. — Bar of Steel from Messrs. J ohn Brown & Co. Mark on 
bar, 

Before experiment, After experiment. 

1 . 1 j #> • -• rv-i -1- .hrc»f\ • 


Height of specimen 1*01 inch. *739 inch. 

Diameter of specimen *72 inch. .... *781 inch. 

Area of specimen *40715 sq. in *47783 sq. in. 


1 

37438 

16-713 

91951 

41*049 

*030 

j . 

2 

44966 

20-074 

110440 

49*303 

*035 

j 1 

3 

52166 

23*288 

128124 

57*198 

*053 

} ! 

4 

58950 

26-316 

144786 

64-637 

•079 

1 


IH 

5 

66022 

29-474 

162156 

72-391 

•108 

1 


H 

6 

73134 

32-649 

179722 

80-233 

*157 

1 


H 

7 

80214 

35-809 

197023 

87-952 

*206 

1 


■ 

8 

1 88134 

39*345 

216465 

97-636 

*255 

1 

Li 


9 

91840 

41*000 

225568 

100-700 

*293 

No cracks . 


Eesults , — ^Here the strain per square inch (P^) causing rupture is 225,568 
m., or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *293. By formula (13). — The work (t*) expended in producing rupture 
ass 32968* 




ON THE MECHANICAL TKOPEKTIES OF STEEL. 
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Exp. V. — Bar of Steel from Messrs. John Brown & Co. Mark on bar, “ B 5.” 

Before experiment. After experiment. 


Height of specimen *99 inch. .... *743 inch. 

Diameter of specimen *72 inch. .... *776 inch. 

Area of specimen *40715 sq. in *47299 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
111 inches 

Eemarka. 


lbs. 

tons. 

lbs. 

tons. 





1 

37438 

16-713 

91951 

41*049 

*010 

\ 



2 

44966 

20*074 

110440 

49*303 

*015 

1 



3 

52166 

23*288 

128124 

57*198 

•023 

rill 



4 

58950 

26*316 

144786 

64*637 

*039 

i| 



5 

66022 

29-474 

162156 

72*391 

*068 

■rj 



6 

73134 

32*649 

] 79722 

80*233 

•107 

iW 


HI 

7 

80214 

35*809 

197023 

87*952 

•166 

1* 


H 

8 

88134 

39*345 

216465 

96*636 

•215 

\ 

II 


9 

91840 

41*000 

225568 

100*700 

•243 

No cracks. 



Results , — ^Here the strain per square inch (P^) causing rupture is 
225,568 lbs., or 100*7 tons ; and the corresponding compression per unit of 
length is *243. By formula (13). — ^The work {u) expended in producing 
rupture =27342. 


Exp. VI. — Bar of Steel from Messrs. John Brown & Co. Mark on bar, “ B 6.’^ 


Before experiment. 


Height of specimen *987 inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 

*592 inch. 

*84 inch. 
•55417 sq. in. 


1 

37438 

16*713 

91951 

41*049 

*050 


— 

s 

2 

44966 

20*074 

110440 

49*303 

-075 




3 

52166 

23*288 

128124 

57-198 

*123 




4 

58950 

26*316 

144786 

64*637 

*179 

i 




5 

66022 

29*474 

162156 

72-391 

•238 

1 




6 

73134 

32*649 

179722 

80-233 

•297 

1 



I^H 

7 

80214 

35*809 

197023 

87-952 

*346 

1 




8 

88134 

39*345 

216465 

96-636 

*385 




IHHHr 

9 

91840 

41*000 

225568 

100-700 

*403 

No cracks. 


Results , — Here the strain per square inch (Pj) causing rupture is 
225,568 lbs., or 100*7 tons ; and the corresponding compression per unit 
of length is *403. By formula (13). — The work (u) expended in produci||g 
rupture=45345. 





380 


BiJoiiT— 1867. 


Exp. VII. — Bar of Steel from Messrs. John Brown <fc Co. Mark]on bar, “ B 7.” 


' "^v^^fore experiment. 

Height of specimen inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 

•559 inch. 
•886 inch. 
•61663 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

Remarks. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

lbs. 

37438 

44966 

52166 

58950 

66022 

73134 

80214 

88134 

91840 

tons. 

16*713 

20*074 

23*288 

26*316 

29*474 

32*649 

35*809 

39*345 

41*000 

lbs. 

91951 

110440 

128124 

144786 

162156 

179722 

197023 

216465 

225568 

tons. 

41*049 

49*303 

57*198 

64*637 

72*391 

80*233 

87*952 

96*636 

100*700 

i 

i 

*030 

*065 

*103 

*169 

*238 

•297 

*366 

*425 

*443 

r 

j 



Thr( 

S] 

larg 

dth 

naUer 

■ 

3 cracks, 

several 

ones. 


Remits * — Here the strain per square inch (P^) causing rupture is 
226,568 lbs., or 100*7 tons ; and the corresponding compression (l^ per unit of 
length is *443. By formula (13). — The work (u) expended in producing 
rupture=49846. 


Exp. VIII. — Bar of Steel from Messrs. John Brown & Co. Mark on bar, B 8.” 


Height of specimen . . 
Diameter of specimen 
Area of specimen . . . , 


Before experiment. 
•989 inch. 

•72 inch. 
•40715 sq. in. 


After experiment. 

•497 inch. 
•886 inch. 
•61653 sq. in. 


1 

37438 

16-713 

91951 

41*049 

*040 

2 

44966 

20-074 

110440 

49*303 

•085 

3 

52166 

23*288 

128124 

57-198 

•143 

i 

58950 

26-316 

144786 

64*637 

*219 

5 

66022 

20*474 

162156 

72*391 

•298 

S 

78134 

32*649 

179722 

80*233 

*347 

r 

80214 

36-809 

197023 

87*952 

•426 

8 

88134 

39-345 

216465 

96*636 

*475 

9 

91840 

41-000 

225568 

100*700 

•493 



Results * — Here the strain per square inch (P^) causing rupture is 
225,668 lbs., or 100*7 tons ; and the corresponding compression (I ) per unit of 
length is *493. By fonnula (13). — ^The work (m) expended m ptoducinj? 
rupture =55472. i- & 





ON THE MECHANiCiX PEOyEftTlES OF STEEL, 361 

Exp. IX. — Bar of Steel from Messrs. John Brown & Co., Sheffield. Mark 

on bar, B 9.” 

Before experiment. After experiment. 


Height of specimen *983 inch. .... -430 inch. 

Diameter of specimen *72 inch. *98 inch. 

Area of specimen *40715 sq. in *75429 sq. in. 


No. 

of 

Exp. 


Weight laid 
on 

specimen. 


Weight laid 
on per square inch 
of section. 


Com- 
pression, 
m inches. 


lbs. 


tons. 


lbs. 


tons. 


Bemarks. 


1 

2 

3 

4 

5 

6 


37438 

44966 

52166 

58950 

66022 

73134 


16*713 

20*074 

23*288 

26*316 

29*474 

32*649 


91951 

110440 

128124 

144786 

162156 

179722 


41*049 

49*303 

57*198 

64*637 

72*391 

80*233 


*150 

•215 

•273 

•359 

•418 

*457 



7 

8 
9 


80214 

88134 

91840 


35*809 

39*345 

41*000 


197023 

216465 

225568 


87*952 

96*636 

100*700 


*486 Three large cracks. 
*535 

*553 Much cracked. 


Results — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression {l^ per unit of length 
is *553. By formula (13), — The work (u) expended in producing rupture 
= 62223. 


Exp. X. — Bar of Steel from Messrs. Cammell & Co., Sheffield. Mark on 

bar, ‘‘ 1.’^ 


Before experiment. 


Height of specimen *971 inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 
*749 incL 
•772 inch, 
•46808 sq. in. 


1 

37438 

16-713 

91951 

41*049 

•010 

r 


2 

44966 

20*074 

110440 

49*303 

*015 

: 

» 

1 


3 

521 66 

23-288 

128124 

57*198 

*023 

j 



4 

58950 

26*316 

144786 

64*637 

•029 

m 



5 

66022 

29*474 

162156 

72*391 

•058 

■ 



6 

73134 

32*649 

179722 

80*233 

*087 

1 



7 

80214 

35*809 

197023 

87*952 

•146 

1 



8 

88134 

39*345 

216465 

96*636 

*205 



■r 

9 

91840 

41*000 

225568 

100*700 

*233 

Xo cracks. 


BmuUs . — Here the strain per square inch (P^) causing rupture is 226,568 
lbs., or 100*7 tons ; and the corresponding compression (l^) per unit of len^h 
is *233. By formula (13). — ^The work (u) expended in producing ruptiire 
= 26217. 




EEPORT — 1867. 


Exp. XI. — ^Bar of Steel from Messrs. Cammell & Co., Sheffield. Mark on 

bar, 

Before experiment. After experiment. 


Height of specimen 1*005 inch. *749 inch. 

Diameter of specimen *72 inch. .... *772 inch. 

Area of specimen *40715 sq. in *46808 sq. in. 


No. 

of 

Exp, 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Compres- 
sion, in 
inches. 

Eemarks. 


lbs. 

tons. 

lbs. 

tons. 





1 

37438 

16-713 

91951 

41*049 

•020 

8 

i 


! 

2 

44966 

20*074 

110440 

49*303 

*025 

i 


1 

3 

52166 

23-288 

128124 

57-198 

*033 


' 


4 

58950 

26-316 

144786 

64*637 

*049 

■ 


H 

5 

66022 

29*474 

162156 

72*391 

*068 

1 



6 

73134 

32*649 

179722 

80*233 

*117 

1 


H 

7 

80214 

35*809 

197023 

87*952 

•176 

1 


H 

8 

88134 

39*345 

216465 

96*636 

*235 

1 


mm 

9 

91840 

41*000 

225568 

100*700 

*263 

No cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *263. By formula (13). — The work {u) expended in producing rupture 
= 29592. 


Exp. XII. — Bar of Steel from Messrs. Cammell & Co,, Sheffield. Mark on 

bar,-3.- 

Before experiment. After experiment. 


Height of specimen 1*00 inch. .... *705 inch. 

Diameter of specimen *72 inch. .... *79 inch. 

Area of specimen *40715 sq. in *49016 sq. in. 


1 

37438 

16*713 

91951 

41*049 

*020 

- 



2 

44966 

20*074 

110440 

49*303 

*035 


; 

§ 

52166 

23*288 

128124 

57-198 

-053 

Jr 



4 

68950 

26-316 

144786 

64*637 

*089 

1 



5 

66022 

29-474 

162156 

72-391 

*138 

1 


H 

6 

73134 

32-649 

179722 

80-233 

*187 

■ 



7 

80214 

35-809 

197023 

87-952 

•236 

■ 


V 

8 

88134 

39-345 

216465 

96-636 

•285 

m 



9 ! 

91840 

41-000 

225568 

100-700 

*313 

No cracks. 


Remits , — ^Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (ZJ per unit of length 
is "S13. By formula (13). — The work (%C) expended in producing rupture 
35218. 
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Exp. XIII. — Bar of Steel from Messrs. Cammell & Co., Sheffield. Mark 

on bar, 4.’^ 

Before experiment. After experiment. 


Height of specimen 1*001 inch *704 inch. 

Diameter of specimen *72 inch. .... *80 inch. 

Area of specimen *40715 sq. in *50265 sq. in. 


No. 

S of 
Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

1 

lbs. 

37438 

tons. 

16-713 

lbs. 

91951 

tons. 

41-049 

*030 

2 

44966 

20*074 

110440 

49*303 

*045 

3 

52166 

23*288 

128124 

57-198 

•053 

4 

58950 

26*316 

144786 

64*637 

*079 

5 

66022 

29*474 

162156 

72*391 

*128 

6 

73134 

32*649 

179722 

80*233 

*177 

7 

' 80214 

35*809 

197023 

87*952 

•236 

8 

88134 

39*345 

216465 

96*636 

*285 

9 

91840 

41*000 

225568 

100*700 

*303 ^ 


Eemarks. 


n 

Very slight cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression per unit of length 
is *303. By formula (13). — The work (w) expended in producing rupture 
=34171. 


Exp, XIV. — ^Bar of Steel from Messrs. Cammell & Co., Sheffield. Mark 

on bar, 5.’^ 

Before experiment. After experiment. 


Height of specimen *996 inch *579 inch. 

Diameter of specimen *72 inch. .... *865 inch. 

Area of specimen *40715 sq. in *58765 sq. in. 


1 

37438 

16-713 

91951 

41*049 

*060 



2 

44966 

20-074 

110440 

49*303 

*095 


1 

1 

1 

3 

52166 

23-288 

128124 

57-198 

*143 

i 

1 

1 

1 

1 

4 

58950 

26*316 

144786 

64*637 

*199 

Jip 



5 

66022 

29*474 

162156 

72-391 

*268 

A 



6 

73134 

32*649 

179722 

80-233 

*317 

H 



7 

80214 

35*809 

197023 

87-952 

*406 

V 




88134 

39*345 

216465 

96-636 

*415 




o 

9 

91840 

41*000 

225568 

100-700 

*433 

No cracks. 


Results , — ^Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *433. By formula (13). — The work (w) expended in producing rupture 
=48721. 





m 


MPOBf — 1867. 


Exp. Xy,— Bar of Steel from Messrs. Oammell & Co., Sheffield. Mark 

on bar, “ 6.” 

Before experiment. After experiment. 


Height of specimen *997 inch *514 inch. 

Diameter of specimen *72 inch. .... *891 inch. 

Area of specimen . . . . *40715 sq. in *68334 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
m inches. 

1 

lbs. 

37438 

tons. 

16-713 

lbs. 

91951 

tons. 

41*049 

•080 

2 

44966 

20*074 

110440 

49*303 

*135 

3 

52166 

23*288 

128124 

57*198 

•203 

4 

68950 

26*316 

144786 

64*037 

•269 

6 

06022 

29*474 

1G2156 

72-391 

•328 . 

6 

73134 

32*649 

179722 

80*233 

*387 

7 

80214 

35*809 

197023 

87-952 

*426 ' 

8 

i 88134 

89*345 

216465 

96-636 

•465 

9 

91840 

i 

41*000 

225568 1 

100-700 

•493 


Bemarks. 



No cracks. 


Bestdts , — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (/J per unit of length 
is *493, By formula (13). — The work (u) expended in producing rupture 
=55472. 


Exp. XVI.— Bar of Steel from Messrs. Naylor, Vickers <fe Co. Mark 
on bar, V. A.’^ 

Before experiment. After experiment. 


Height of specimen *983 inch *569 inch. 

Diameter of specimen *72 inch. .... *865 inch. 

Area of specimen *40715 sq. in *58765 sq. in. 


1 

37438 

16*713 

91951 

41-049 

•050 



2 

44966 

20*074 

110440 

49*303 

•075 

f 

1 

3 

52166 

23*288 

128124 

57*198 

*123 



4 

58950 

26-316 

144786 

64*637 

•179 



6 

66022 

29*474 

162156 

72-391 

*248 


1 

0 

73134 

32*649 

179722 

80-233 

•307 


1 

7 

80214 

35*809 

197023 

87-952 

•356 


J 

B 

88134 

39*345 

216465 

96-636 

•395 

vUlt 

M 

9 

91840 

41*000 

225568 

100-700 

•423 

No cracks. 


Eesults, — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (l^) per unit of length 
is 428. By formula (13).— The work (u) expended in producing rupture 
«:47696 
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Exp, XVII. — Bar of Steel from Messrs. Xaylor, Viokers * Co.| Sheffield. 
Mark on bar V.T.” 


Height of specimen . . 
Diameter of specimen 
Area of specimen . . 


Before experiment. 
•992 inch. 

•72 inch. 
*40715 sq. in. 


After experiment. 

. . , . *605 inch. 

. . . . *840 inch. 

.... *55417 sq. in. 


No. 

of 

Exp. 

Weight laid on 
specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches 

Eemarks. 


lbs. 

tons. 

lbs. 

tons. 





1 

1 

37438 

16*713 

91951 

41-049 

*050 





2 

44966 

20-074 

110440 

49*303 

*075 





3 

62166 

23*288 

128124 

57-198 

*113 

jfll 


liHH 


4 

68950 

26*316 

144786 

64-637 

*169 




1 

5 

66022 

29*474 

162156 

72*391 

*228 

H| 


MB 

1 

6 

73134 

32*649 

179722 

80-233 

*257 




i 

7 

80214 

35*809 

197023 

87*952 

*326 

^1 


jjjlBli 

w 

8 

88134 

39*345 

216465 

96*636 

*365 





9 

91840 

41*000 

225568 

100*700 

*388 

Ho cracks 




ResulU , — Here the strain per square inch (P^) causing rupture i8225,5681bs., 
or 100*7 tons; and the corresponding compression (l^) per unit of length 
is *388. By formula (13). — The work (w) expended in producing rupture 
= 43758. 


Exp. XVIII. — Bar of Steel from Messrs. Haylor, Vickers & Co., Sheffield. 
Mark on bar V.S.^’ 

Before experiment. After experiment. 


Height of specimen *989 inch. .... *847 inch. 

Diameter of specimen *72 inch. .... *742 inch. 

Area of specimen *40715 sq. in *43241 sq. in. 


1 

37438 

] 0-713 

91951 

41*049 

*010 

— 

2 

44966 

20-074 

110440 

49*303 

•015 


— 


3 

62166 

23*288 

128124 

57-198 

*023 


1 j! 


1 

4 

68950 

26*316 

144786 

64-637 

*029 




{| 

5 

66022 

29*474 

162156 

72*391 

-038 


ij:l 



6 

73134 

32*649 

179722 

80*233 

-047 





7 

80214 

35*809 

197023 

87*952 i 

-076 


i ■ 


p 

8 ^ 

88134 I 

39*345 

216465 

96*636 i 

-125 

l| 

1 

||- ' 

9 

91840 i 

41*000 

225568 

100*700 

-153 

Ho cracks. 


Results . — Here the strain per square inch (P^^) causing rupture is 225,568 lbs., 
or 100*7 tons ; and the corresponding compression per unit of length 
is *153. By formula (13).— The work (u) expended m producing rupture 
= 17255. 
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EEPOET— 1867 . 


Exp. XIX. — Bar of Steel from Messrs. Naylor, Vickers & Co., Sheffield. 
Mark on bar, Y.2.'^ 

Before experiment. After experiment. 


Height of specimen *998 inch. .... *818 inch. 

Diameter of specimen *72 inch. .... *76 inch. 

Area of specimen *40715 sq. in *45364 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section 

Com- 
pression, 
in inches 

Remarks. 


lbs. 

tons. 

lbs. 

tons. 



1 

37438 

16*713 

91951 

41*049 

•010 

i I 

2 

44966 

20-074 

110440 

49-303 

*015 



■1 

3 

52166 

23*288 

128124 

57*198 

*023 

IB 


■ 

4 

58950 

26*316 

144786 

64*637 

*029 

H 



5 

66022 

29*474 

162156 

72*391 

•038 

H 



6 

73134 

32*649 

179722 

80-233 

*057 

H 



7 

80214 

35*809 

197023 

87*952 

*096 

n 


■ 

8 

88134 

30’34d 

216465 

96*636 

*155 




9 

91840 

41-000 

225568 

100*700 

t *183 

i 

No cracks. 



Results . — ^Here the strain per square inch (P^) causing rupture is 225,568 lbs., 
or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *183. By formula (13). — The work (u) expended in producing rupture 
= 20591. 


Exp. XX.— Bar of Steel from Samuel Osborn, Esq., Sheffield. Mark on 

bar « 0 1.” 


Before experiment. 


Height of specimen *999 inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 

*796 inch. 
*764 inch. 
*45843 sq. in. 


1 

37438 

16*713 

91951 

41*049 

*020 


, 

2 

44966 

20-074 

110440 

49*303 

*025 



3 

52166 

23*288 

128124 

57-198 

*033 

ill 


\m 


4 

58950 

26*316 

144786 

64-637 

*039 

II 




5 

66022 

29*474 

16215G 

72*391 

*058 

n 


■1 


6 

73134 

32*649 

179722 

80*233 

*077 

n 




7 

80214 

35*809 

197023 

87*952 

*126 

1 


V 


8 

881.34 

39*345 

216465 

96*636 

*185 



mKm 

9 

91840 

41*000 

225568 

300*700 

*203 

No cracks. 



Results , — ^Here the strain per square inch (P^) causing rupture is 225,5681bs., 
or 100*7 tons; and the corresponding compression (Z^) per unit of length 
is *203. By formula (13). — ^The work (u) expended m producing rupture 
» 22841. 






ON THE MECHANICAL PROPERTIES OF STBBLi 


2S7 


Jlxp. XXI. — ^Bar of Steel from Samuel Osbom, Esq., Sheffield. Mark on 

bar, “02.” 

Before experiment. After experiment. 


Height of specimen *991 inch. .... *766 inch. 

Diameter of specimen *72 inch. .... *76 inch. 

Area of specimen *40715 sq. in *45364 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Compres- 
sion, in 
inches. 

Remarks. 


lbs. 

tons. 

lbs. 

tons. 





1 

37438 

16*713 

91951 

41*049 

*030 

r- 

•* 

■*•■••"*’**•*’“ 

1 

2 

44966 

20074 

110440 

49*303 

*035 

j 


1 

3 

52166 

23*288 

128124 

57*198 

•043 

Jil 



4 

58950 

26*316 

144786 

04-637 

*069 

n 


H 

5 

66022 

29*474 

162156 

72*391 

*088 

H 



6 

73134 

32*649 

179722 

80*233 

•127 

B| 



7 

80214 

35*809 

197023 

87*952 

*176 

V 1 


V 

g 

88134 

39*345 

21 6465 

96*636 

*225 

iHii' 


JV 

9 

91840 

41*000 

225568 

100*700 

•243 

No cracks. 

. 


Results , — Hero the strain per square inch(Pj) causing rupture is 225,568 lbs., 
or 100*7 tons; and the corresponding compression {\) per unit of length 
is *243. By formula (13). — The work (u) expended in producing rupture 
=27342. 


Exp XXII. — Bar of Steel from Samuel Osborn, Esq., Sheffield. Mark on 

bar, 

Before experiment. After experiment. 


Height of specimen *986 inch. .... *748 inch. 

Diameter of specimen *72 inch. ^ .... *768 inch. 

Area of specimen *40715 sq. in *46324 sq. in. 


1 

37438 

16-713 

91951 

41*049 

*030 

j" 

! 

2 

44966 

20*074 

110440 

49*303 

•035 

1 

j 

3 

52166 

23*288 

128124 

57-198 

-043 

M 

1 


4 

58950 

26*316 

144786 

64*637 

•059 




5 

66022 

29-474 

162156 

72-391 

•078 

H 



6 

73134 

32-649 

179722 

80-233 

•117 

n 



7 

80214 

35-809 

197023 

87-952 

*166 

li 


B 

8 

88134 

39-345 

216465 

96-636 

•225 

Hi 

11 


9 

91840 

41-000 

225568 

100-700 

•253 

No cracks. | 


Results , — Here thestrain per square inch (PJeausing rupture is 2^5j5681bs., 
or 100*7 tons ; and the corresponding compression per unit of length 
is *253. By formula (13).— The work (u) expended in producing rupture 
=28467. 

1867. 


1 
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RBPOKT — 1867. 


Exp. XXIII. — Bar of Steel from Samuel Osbom, Esq., Sheffield. Mark on 

bar, 

Before experiment. After experiment. 


Height of specimen *993 inch. .... *743 mch. 

Diameter of specimen *72 inch. .... *768 inch. 

Area of specimen *40715 sq. in *46324 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specamen. 

Weight laid 
on per square inch 
of section. 

Compres- 
sion, in 
inches. 

Remarks. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

lbs. 

37438 

44966 

52166 

58950 

66022 

73134 

80214 

88134 

91840 

tons. 

16*713 

20*074 

23*288 

26*316 

29*474 

32*649 

35*809 

39*345 

41*000 

lbs. 

91951 

110440 

128124 

144786 

162156 

179722 

197023 

216465 

225568 

tons. 

41*049 

49*303 

57*198 

64*637 

72*391 

80*233 

87*952 

96*636 

100*700 

*020 
*035 
*043 
*059 
: -078 
•117 
*186 
*2^5 
*263 

r 1 

! i 


* 

• 

Xo cracks. 


Results . — Here the strain per square inch (Pj) causing rupture is 225,568 lbs., 
or 100*7 tons ; and the corresponding compression per unit of length 
is *263. By formula (13). — The work (u) expended in producing rupture 
=29592. 


Exp. XXIY. — Bar of Steel from Samuel Osborn, Esq., Sheffield. Mark on 

bar, ^‘05.’’ 


Before experiment. After experiment. 

Height of specimen 1*01 inch. .... *697 inch. 

Diameter of specimen *72 inch. .... *79 inch. 

Area of specimen *40715 sq. in *49016 sq. in. 


1 

37438 

16*713 

91951 

41*049 

•030 


1 

2 

44966 

20*074 

110440 

49*303 

*045 



3 

52166 

23*288 

128124 

57*198 

*083 


lAm 


- ^ 

4 

58950 

26-316 

144786 

64*637 

•109 

J 



5 

66022 

29*474 

162156 

72*391 

*158 

Jl 


Hi 

6 

73134 

32*649 

179722 

80*233 

*197 

ll| 


Hi 

t 

80214 

35*809 

197023 

87*952 

•266 

m 


Hi 

8 

88134 

39*345 

216465 

96*636 

•295 

w 



9 

91840 

41*000 

225568 

100*700 

*323 

No cracks. 


Results . — Here the strain persquare inch (PJ causing rupture is225,5681bs., 
or 100*7 tons; and the corresponding compression (\) per unit of length 
is *323. By formula (13). — ^The work {u) expended in producing rupture 
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Exp. XXV. — Bar of Steel from Samuel Osborn, Esq., Sheffield. Mark on 

bar, 0 6.” 

Before experiment. After experiment. 

Height of specimen *982 inch .... *669 inch. 

Diameter of specimen *72 inch. .... *80 inch. 

Area of specimen *40715 sq. in *50265 sq. in. 


No. 

of 

Exp 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression 
in ins. 

1 

lbs. 

37438 

tons. 

16-713 

lbs. 

91951 

tons. 

41*049 

*030 

2 

44966 

20*074 

110440 

49*303 

*045 

3 

52166 

23*288 

128124 

57*198 

*073 

4 

58950 

26*316 

144786 

64-637 

*099 

5 

66022 

29*474 

162156 

72*391 

*148 

6 

73134 

! 32*640 

179722 

80*233 

*207 

7 

80214 

35*809 

197023 

87*952 

*266 

8 

88134 

39*345 

216465 

96*636 

*305 

9 

91840 

41*000 

225568 

100*700 

*323 


Remarks. 


ri 


Xo cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 225,568 lbs., 
or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *323. By formula (13). — The work (w) expended in producing rupture 
=36344. 


Exp. XXYI. — Bar of Steel from Samuel Osborn, Esq., Sheffield. Mark on 

bar, “0 ir 

Before experiment. After experiment. 

Height of specimen 1*011 inch *826 inch. 

Diameter of specimen *72 inch. .... *748 inch. 

Area of specimen *4071 5 sq. in *43943 sq. in. 


1 

37438 

16-713 

91951 

41*049 

•010 

r- 


2 

44966 

20-074 

110440 

49*303 

*015 




3 

52166 

23*288 

128124 

57*198 

*023 

I 



4 

58950 

26*316 

144786 

64-637 

*029 


Ji 


H 

5 

66022 

29*474 

162156 

72*391 

*038 


n 


H 

6 

73134 

32*649 

179722 

80*233 

*077 


II 



7 

80214 

35*809 

197023 

87*952 

•106 


n 



8 

88134 

39*345 

216465 

96*636 

*165 


ll 



9 

91840 

41*000 

225568 

100*700 

•193 

No cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 
225,568 lbs., or 100*7 tons ; and the corresponding compression (ZJ per unit 
of length is *193. By formula (13). — ^The work (w) expended in producing 
rupture= 21716. 

r 2 





260 EEPOET — 1867. 

Exp. XXVII. — Bar of Steel from Samuel Osborn, Esq., Sheffield. Mark on 

bar, 

Before experiment. After experiment. 

Height of specimen *984 inch. .... *652 inch. 

Diameter of specimen *72 inch. .... *812 inch. 

Area of specimen *40715 sq. in -51784 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in ins. 

Eemarks. 


lbs. 

tons. 

lbs. 

tons. 



1 

37438 

16*713 

91951 

41-049 

•030 



1 

2 

44966 

20-074 

110440 

49-303 

•035 




3 

52166 

23-288 

128124 

57-198 

•063 

.if 



4 

58950 

26*316 

144786 

64-637 

•099 

ji 



5 

66022 

29-474 

162156 

72-391 

•158 

III 


1 11 

6 

73134 

32-649 

179722 

80-233 

•217 

III 



7 

80214 

35-809 

197023 

87-952 

•266 




8 

88134 

39*345 

216465 

96-636 

-315 

Hi- 



9 

91840 

41-000 

2255G8 

100-700 

*333 

No cracks. 


Residts , — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compession (ZJ per unit of length 
is *333. By formula (13). — The work (u) expended in producing rupture 
= 37469. 


Exp. XXYIII. —Bar of Steel from Messi^s. Bessemer and Co., Sheffield. Mark 

on bar, ‘^B S 1.’^ 


Height of specimen . . 
Diameter of specimen 
Area of specimen . . 


Before experiment. 

*993 inch. 

*72 inch. 
*40715 sq. in. 


After experiment. 
•773 inch. 

•764 inch. 
•45843 sq. in. 


1 

37438 

16-713 

91951 

41-049 

•030 

2 

44966 

20-074 

110440 

49-303 

•035 

3 

52166 

23-288 

128124 

57-198 

-043 

4 

68950 

26-316 

144786 

64-637 

•049 

5 

66022 

29-474 

162156 

72*391 

*068 

6 

73134 

32-649 

179722 

80*233 

•097 

7 

80214 

35-809 

197023 

87*952 

•146 

8 

88134 

39-345 

216465 

96*636 

•195 

9 

91840 

41-000 

225568 

100-700 

•223 



N^o cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 
225,568 lbs., or 100-7 tons ; and the corresponding compression (l^) per unit 

of length is *223. By formula (13). — The work (tt) expended in producing 
rupture =25092. v / r k! 6 
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Exp, XXI^, — Bar of Steel from Messrs. Bessemer & Co., Sheffield. Mark 

on bar, B S 2/^ 

Before experiment. After experiment. 

Height of specimen 1*01 inch. .... *572 inch. 

Diameter of specimen .... *72 inch. .... *856 inch. 

Area of specimen *40715 sq. in *57549 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Compres- 
sion, in 
inches. 

Remarks. 


lbs. 

tons. 

lbs. 

tons. 





1 

37438 

10-713 

91951 

41*049 

•060 

r- 


"1 

2 

44966 

20-074 

110440 

49-303 

*095 



j 

3 

52166 

23-288 

128124 

57-198 

*143 

! 


: 

4 

56950 

26-316 

144786 

64-637 

*219 

ill 

1 


5 

66022 

29-474 

162156 

72-391 

*278 

1 



6 

73134 

32-649 

179722 

80-233 

•337 

1 


1^1 

7 

80214 

35-809 

197023 

87-952 

*386 

1 


II^P 

8 

88134 

39-345 

216465 

96-636 

•425 

11 



9 

91840 

41*000 

225568 

100-700 

*443 

No cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *443. By formula (13). — The work {u) expended in producing rupture 
== 49846. 


Exp. XXX. — Bar of Steel from Messrs. Bessemer & Co., Sheffield. Mark 

on bar, ‘‘ B S 3.” 


Before experiment. 


Height of specimen 1*002 inch. 

Diameter of specimen .... *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 
*532 inch. 

•894 inch. 
*62771 sq. in. 


1 

37438 

16-713 

91951 

41*049 

•080 

2 

44966 

20-074 

110440 

49-303 

•125 

3 

52166 

23-288 

128124 

57-198 

•183 

4 

66950 

26-316 

144786 

64*637 

*249 

5 

66022 

29*474 

162156 

72-391 

•318 

6 

73134 

32*649 

179722 

80-233 

*367 

7 

80214 

35-809 

197023 

87*952 

•416 

8 

88134 

39-345 

216465 

96-636 

•445 

9 

91840 

41*000 

225568 

100-700 

•473 



Results . — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *473. By formula (13). — ^The work (y) expended in producing rupture 
«= 53222. 
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EEFORT — 1867, 


Exp. XXXI. — Bar of Steel from Messrs. Sanderson & Co., Sheffield. 

on bar, “ S. 1.^^ 


Mark 


Before experiment. 

Height of specimen ‘98 inch. 

Diameter of specimen .... *72 inch. 


After experiment. 

•576 inch. 

•850 inch. 
•56745 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Compres- 
sion, in 
inches. 

1 

lbs. 

37438 

tons 

10-713 

lbs. 

91951 

tons. 

41*049 

•030 

2 

44966 

20*074 

110440 

49*303 

•045 

3 

52166 

23*288 

128124 

57*198 

*073 

4 

58950 

26*316 

144786 

64*637 

•139 

6 

66022 

29*474 

162156 

72*391 

•198 

6 

73134 

32*649 

179722 

80*233 

•257 

7 

80214 

35-809 

197023 

87*952 

•316 

8 

88134 

39 345 

216465 

96*636 

*375 

9 

91840 

41-000 

225568 

100*700 

•398 


Remarks. 



Two large cracks 
and a small one. 


Besults . — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (l^) per unit of length 
is •SOS. By formula (13). — The work (u) expended in producing rupture 
« 44783. 


Exp. XXXII. — Bar of Steel from Messrs. Sanderson & Co., Sheffield. Mark 

on bar, ‘‘ S. 2.’’ 


Before experiment. After experiment. 

Height of specimen •992 inch. .... -698 inch. 

Diameter of specimen *72 inch. .... ^785 inch. 

Area of specimen •40715 sq. in *48398 sq. in. 


1 

37438 

16-713 

91951 

41-049 

•030 

2 

44966 

20*074 

110440 

49*303 

•035 

3 

52166 

23-288 

128124 

67-198 

•053 

4 

58950 

26-316 

144786 

64*637 

•079 

5 

66022 

29-474 

162156 

72-391 

*118 

6 

73134 

32-649 

179722 

80-233 

•177 

7 

80214 

35-809 

197023 

87-952 

•236 

8 

88134 

39-345 

216465 

96-636 

•275 

9 

91840 

41-000 

225568 

100-700 

•303 



Very slight crack. 


Emults , — ^Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons; and the corresponding compression (7^) per unit of length 
is *303. By formula (13). — The work (m) expended in producing rupture 
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Exp. XXXIII. — Bar of Steel from Messrs. Sanderson & Co., Sheffield. Mark 

on bar, “ S 3.’' 

Before experiment. After experiment. 


Height of specimen *99 inch. .... *710 inch. 

Diameter of specimen *72 inch. .... *768 inch. 

Area of specimen *40715 sq. in *46324 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section 

Compres- 
sion, in 
inches. 

1 

lbs, 

37438 

tons. 

16-713 

lbs. 

91951 

tons. 

41*049 

•020 

2 

44966 

20*074 

110440 

49*303 

•025 

3 

52166 

23*288 

128124 

57*198 

•033 

4 

58950 

26-316 

144786 

64*637 

*049 

5 

66022 

29-474 

162156 

72*391 

•078 

6 

73134 

32G49 

179722 

80*233 

•147 

7 

80214 

35*809 

197023 

87*952 

•206 

8 

88134 

39*345 

216465 

96*636 

•255 

9 

91840 

41*000 

22556S 

100*700 

•283 


Kromarks. 



No cracks. 


Mesults . — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression {\) per unit of length 
is *283. By formula (13 ). — The work (u) expended in producing rupture 
=31843. 


Exp. XXXiy. — Bar of Steel from Messrs. Sanderson A Co., Sheffield. Mark 

on bar, “ S 4.^’ 

Before experiment. After experiment. 


Height of specimen *977 inch. .... *658 inch. 

Diameter of specimen *72 inch. .... *794 inch. 

Area of specimen *40715 sq. in *49514 sq. in. 


1 

37438 

16*713 

91951 

41*049 

•030 

f 



j 

2 

44966 

20-074 

110440 

49*303 

•035 

% 


j 

3 

52166 

23*288 

1281 ^4 

57*198 

•053 

\ 



4 

68950 

26-316 

144786 

64*637 

-079 

H 


1 

lA 

5 

66022 

29*474 

162156 

72*391 

•128 



1 


6 

73134 

32*649 

179722 

80*233 

-187 

III 


1 


7 

80214 

35*809 

197023 

87-952 

•246 





8 

88134 

39*345 

216465 

96-686 

•295 





9 j 

91840 

41*000 

225568 

100*700 

•323 

Several slight cracks. 


Results , — Here the straip per square inch (P^) causing rupture is 226,568 
lbs., or 100*7 tons ; and the corresponding compression (Zj) per unit of length 
is *323. By formula (13). — The work (w) expended in producing rupture 
« 36344* 
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Exp, XXKV. — ^Bar of Steel from Messrs. Sanderson & Co., Sheffield. Mark 

on bar, “ S 5.’’ 


Before experiment. After experiment. 

Height of specimen 1*01 inch. *678 inch. 

Diameter of specimen *72 inch. .... *790 inch. 

Area of specimen *40715 sq. in *49016 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Compres- 
sion, in 
inches. 

1 

lbs. 

37438 

tons. 

i(;-7]3 

lbs. 

91951 

tons. 

41-049 

•030 

2 

44966 

20-074 

110440 

49-303 

•045 

3 

52166 

23-288 

128124 

57-198 

•063 

4 

58950 

26-316 

144786 

64*637 

•079 

5 

66022 

29-474 

162156 

72-391 

•138 

6 

73134 

32-649 

179722 

80-233 

•187 

7 

80214 

35-809 

197023 

87-952 

•246 

8 

88134 

39-345 

216465 

96*636 

•305 

9 

91840 

41*000 

225568 

100*700 

•333 


Remarks. 



Commenced 
crack. 

Cracks widened. 


Results , — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (ZJ per unit of length 
is *333. By formula (13). — The work (u) expended in producing rupture 
=37469. 


Exp. XXXVI. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Mark 

on bar, “ A.” 


Before experiment. 


Height of specimen *988 inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 inch. 


After experiment. 
*71 inch. 

*781 inch. 
•47783 sq.in. 


1 

37438 

16-713 

91951 

41-049 

•020 

; 


2 

44966 

20-074 

110440 

49-303 

*035 



3 

52166 

23-288 

128124 

57-198 

*043 

i 


llrillHk 

4 

68950 

26*316 

144786 

64-637 

*069 

M 



5 

66022 

29*474 

162166 

72*391 

•108 

ml 



6 

73134 

32*649 

179722 

80*233 

•157 

H 



7 

80214 

35-809 

197023 

87*952 

•206 

■ 



8 

88134 

39-345 

216465 

96*636 

•265 

H 



9 

91840 

41-000 

225568 

100*700 

•283 

No cracks. 


Results , — Here the strain per square inch (P^) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression (ZJ per unit of length 
is *283. By formula (13). — ^The work (u) expended in producing rupture 
«=S1843. 
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Exp. XXXYII. — Bar of Steel from Messrs. Turton & Sons, Sheffield. 
Mark on bar, ‘‘ B.” 


Before experiment. 


Height of specimen. *986 inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 
•804 inch. 
*748 inch. 
*43943 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches 

Remarks. 


lbs. 

tons. 

lbs. 

tons. 






1 

37438 

16-713 

91951 

41*049 

*020 

r 

! 



-j 

2 

44966 

20*074 

110440 

49*303 

•025 

ii 


nil 

If. 

3 

52166 

23*288 

128124 

57*198 

*033 

f 



ir - V 

4 

58950 

26*316 

144786 

64*637 

*039 

1 



i'' ^ 1 

5 

66022 

29*474 

162156 

72-391 

•048 

1 


11 


6 

73134 

32*649 

179722 

80*233 

•077 

1 


ll 

' : 1 

7 

80214 

35*809 

197023 

87*952 

•116 

1 




8 

88134 

39*345 

216465 

96*636 

•175 

1 




9 

91840 

41*000 

225568 

100*700 

*193 

Xo cracks. 


Results , — Here the strain per square inch (Pj) causing rupture is 225,568 lbs., 
or 100*7 tons; and the corresponding compression (Z^) per unit of length 
is *193, By formula (13), — The work (u) expended in producing rupture 
= 21716. 


Exp. XXXVIII. — Bar of Steel from Messrs. Turton & Sons, Sheffield. 
Mark on bar, ‘‘ 


Before experiment. 


Height of specimen *96 inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 
•716 inch, 
•781 inch. 
*47783 sq. in. 


1 

37438 

16*713 

91951 

41*049 

•030 

2 

44966 

20*074 

110440 

49*303 

*035 

3 

52166 

23*288 

128124 

57*198 

*043 

4 

58950 

26*316 

144786 

64*637 

*049 

6 

66022 

29-474 

162156 

72*391 

*078 

6 

73134 

32-649 

179722 

80*233 

*127 

7 

80214 

35-809 

197023 

87*952 

•166 

8 

88134 

39-345 

216465 

96*636 

•225 

9 

91840 

41-000 

225568 

100*700 

•243 



Results , — Here the strain per square inch (P^) causing rupture is 225,568 lbs., 
or 100*7 tons; and the corresponding compression (Z^) per unit of length 
is *243. By formula (13), — The work (tt) expended in producing rupture 
=27342. 
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Exp. XXXIX»-^Bar of Steel from Messrs. Turton & Sons, Sheffield. Mark 

on bar, “ 

Before experiment. After experiment. 

Height of specimen *982 inch, .... *751 inch. 

Diameter of specimen *72 inch. .... ’774 inch. 

Area of specimen *40715 sq. in *47051 sq. in. 


No. 

of 

Exp. 


Weight laid 
on 

specimen. 


Weight laid 
on per square inch 
of section. 


Com- 
pression, 
in inches. 


Remarks. 


1 

2 

3 

4 

5 

6 

7 

8 
9 


lbs. 

37438 

44966 

62166 

68950 

66022 

73134 

80214 

88134 

91840 


tons. 

lbs. 

16-713 

91951 

20*074 

110440 

23*288 

128124 

26*316 

144786 

29*474 

162156 

32*649 

179722 

35*809 

197023 

39*345 

216465 

41*000 

225568 


tons. 


41049 

49*303 

57*198 

64*637 

72*391 

80*233 

87*952 

96*636 

100*700 


•030 

*035 

•043 

•059 

•078 

•117 

•186 

•235 

•263 


No cracks. 



Results , — Here the strain per square inch(Pj) causing rupture is 225,568 lbs., 
or 100*7 tons; and the corresponding compression (Z^) per unit of length 
is •263. By formula (13). — The work (w) expended in producing rupture 
=29592. 


Exp. XL. — Bar of Steel from Messrs. Turton <t Sons, Sheffield. Mark on 

bar, “ 


Height of specimen . . 
Diameter of specimen 
Area of specimen . . 


Before experiment. 
1*00 inch. 

•72 inch. 
•40715 sq. in. 


After experiment. 

•77 inch. 

•76 inch. 
•45364 sq. in. 


1 

37438 

16*713 

91951 

41*049 

•020 

2 

44966 

20-074 

110440 

49*303 

•025 

3 

52166 

23-288 

128124 

67-198 

•033 

4 

58950 

26-316 

144786 

64*637 

•049 

6 

66022 

29-474 

162156 

72-391 

•068 

6 

73134 

32*640 

179722 

80-233 

*107 

7 

80214 

35*800 

197023 

87-952 

•156 

8 

88134 

39*345 

216465 

96-636 j 

•205 

9 

91840 

41*000 

225568 

100-700 

*233 



No cracks. 


Results , — Here the strain per square inch (Pj) causing rupture is 225,568 lbs., 
or 100*7 tons ; and the corresponding compression (Z^ per unit of length 
is *233» By formula (13)* — The work (u) expended in producing rupture 
=26217. 





ON THE MECHANICAL PSOPERTIES OF STEEL. ^7 

Exf. XLI. — Bar of Sted from Messrs. Turton Sons, Sheffield. Mark on 

bar, “ 

Before experiment. After experiment. 


Height of specimen 1*0 inch. .... *748 inch. 

Diameter of specimen *72 inch. .... *785 inch. 

Area of specimen *40715 sq. in *48398 sq. in. 


No. 

of 

Expt. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 

Remarks. 


lbs. 

tons. 

lbs. 

tons. 





1 

37438 

16-713 

91951 

41-049 

-020 

r 


i 

2 

44966 

20-074 

110440 

49-303 

•025 

i 


1 

3 

52166 

23-288 

128124 

57-198 

-033 

i 


iiA 

4 

58950 

26-316 

144786 

G4-G37 

-049 

1 



5 

66022 

29-474 

162156 

72-391 

-078 

1 



6 

73134 

32-649 

179722 

80-233 

•127 

1 


IH 

7 

80214 

35-809 

197023 

87-952 

•176 

1 



8 

88134 

39-345 

210465 

96-636 

•225 

1 

p 


9 

91840 

41-000 

225568 

100-700 

•253 

No cracks. 


Results . — Here the strain per square inch(Pj) causing rupture is 225,568 lbs., 
or 100-7 tons ; and the corresponding compression per unit of length 
is *253. By formula (13). — The work (u) expended in producing rupture 
=28467. 


Exp XLII. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Mark on 

bar, 


Before experiment. 


Height of specimen *998 inch. 

Diameter of specimen *72 inch. 

Area of specimen *40715 sq. in. 


After experiment. 
*71 inch. 

*79 inch. 
•49016 sq. in. 


1 

2 

3 

4 
6 
6 

7 

8 
9 


37438 

16-713 

91951 

44966 

20-074 

110440 

52166 

23-288 

128124 

68950 

26-316 

144786 

66022 

29-474 

162156 

73134 

32-649 

179722 

80214 

35‘809 

197023 

88134 

39*345 

216465 

91840 

41*000 

225568 


41-049 

•030 

49-303 

•035 

67-198 

•053 

64-637 

•079 

72-391 

•118 

80-233 

•167 

87-952 

•216 

96-636 

•265 

100-700 

•293 



No cracks. 


Results . — ^Here the strain per square inch (PJ causing rupture is 225,568 lbs., 
or 100*7 tons ; and the corresponding compression (Z^) per unit of length 
is *293. By formula (13). — The work (w) expended in producing rupture 
=32968. 
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Ezp. XLTn. — ^Bar of Steel from Messrs. Tarton & Sons, Sheffield. Mark on 

bar, “H.” 

Before experiment. After experiment. 

f .frnt • 1- 


Heiglit of specimen *993 inch. ...» *731 inch. 

Diameter of specimen *72 inch. .... *776 inch. 

Area of specimen •4071t5 sq. in *47294 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 

pression, 

ininchea 

Bemarks. 


lbs. 

tons. 

lbs. 

tons. 





1 

37438 

16-713 

91951 

41*049 

•020 




2 

44966 

20*074 

110440 

49*303 

*025 




3 

52166 

23*288 

128124 

57*198 

•043 

J 



4 

58950 

26*316 

144786 

64*637 

*059 

ll 


HI 

5 

66022 

29*474 

162156 

72-391 

*088 

||l 



6 

73134 

32*649 

179722 

80*233 

*137 

1 



7 

80214 

35*809 

197023 

87*952 

*196 

1 



8 

88134 

39*345 

216465 

96*636 

•245 



mm 

9 

91840 

41*000 

225568 

100*700 

i 

•273 

No cracks. 


Results , — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons; and the corresponding compression (l^) per unit of length 
is *273. By formula (13). — The work {u) expended in producing rupture 
=30718. 


Exp. XLIY. — Bar of Steel from Messrs. Turton & Sons, Sheffield. Mark on 

bar, “ 1.’^ 

Before experiment. After experiment. 

XT • 1 / n • • 1 • "L 


Height of specimen *988 inch. .... *722 inch. 

Diameter of specimen *72 inch. .... *781 inch. 

Area of specimen *40715 sq. in *47783 sq. in. 


1 

37438 

16*713 

2 

44966 

20*074 

3 

52166 

23*288 

4 

58950 

26*316 

5 

66022 

29*474 

6 

73134 

32*649 

7 

80214 

35*809 

8 

88134 

39*345 

9 

91840 

41*000 


9195] 

41*049 

*020 

110440 

49*303 

•025 

128124 

57*198 

•043 

144786 

64*637 

*059 

162156 

72*391 

•108 

179722 

80*233 

*157 

197023 

87*952 

*206 

216465 

96*636 

*255 

225568 

100*700 

•273 



Very slightly cracked. 


Results , — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression per unit of length is 
•273. By formula (13). — The work {u) expended in producing rupture 
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Exp. XLV, — Bar of Steel from Messrs. Turton & Sons, Sheffield. Mark on 

bar, 

Before experiment. After experiment. 


Height of specimen *984 inch. .... *701 inch. 

Diameter of specimen *72 inch. .... *785 inch. 

Area of specimen *40715 sq. in *48398 sq. in. 


No. 

of 

Exp. 

Weight laid 
on 

specimen. 

Weight laid 
on per square inch 
of section. 

Com- 
pression, 
in inches. 


1 

lbs. 

37438 

tons. 

16-713 

lbs. 

91951 

tons. 

41*049 

•030 


2 

44966 

20*074 

110440 

49-303 

*035 


3 

52166 

23*288 

128124 

57-198 

•053 


4 

58950 

26*316 

144786 

64*637 

•069 


5 

66022 

29*474 

162156 

72*391 

*118 


6 

73134 

32-649 

179722 

80*233 

*167 

\ 

7 

80214 

35*809 

197023 

87-952 

*226 


8 

88134 

39*345 

216465 

96-636 

*275 


9 

91840 

41*000 

225568 

100-700 

*293 

IS 


Eemarks. 




ISTo cracks. 


Results , — Here the strain per square inch (Pj) causing rupture is 225,568 
lbs., or 100*7 tons ; and the corresponding compression per unit of length 
is *293. By formula (13). — The work {u) expended in producing rupture 
=32968. 
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m 


g 

o 

No cracks. 

Two large cracks. 

Very slight crack. 

No cracks. 

Several slight cracks. 

Much cracked. 

No cracks. 
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it 
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)> 

It 

Very slightly cracked. 

No cracks. 
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Samuel Osborn, Esq. 

Specimen of best tool, cast steel 

Do. best chisel 

Specimen of best cast steel for hot and cold sates- 

cups, shear-blades, and boiler-maker s steel 

Best cast steel for taps and dies 

Toughened east steel for shafts &c 

Specunen of best double shear steel 

Extra best tool, cast steel 

Cast steel for boiler-plates 

Messrs. Bessemer and Co. 

Specimen of hard Bessemer steel 

Do. of milder quality 

Do. of soft 

Messrs. Sanderson and Co. 

Bar of cast steel from Russian iron suitable for welding 

Specimen of double shear steel 

Do. single do. 

Bar of faggot steel 

Specimen of drawn bar.,... 

Messrs. Turton and Sons. 

Steel used in the manufacture of cups 

Do. do. do. drills 

Do. do. do. cutters 

Da do. do. turning-tools 

Do. do. do. machinery 

Do. do. do. punches 

Do. do. do. mint dies 

Do. do. do. dies 

Do. do. taps 

Specimen of double shear steel 

Q M to ^ U->VO 

eie«t< t<«t<t<t< 

00 ex o 

H « to 

M t< to ^ xrx 
tn to tn to to 

vol bsoo C>v O H ti tn ^ trt 



272 


KEPORT 18674 


Abstract of the Eesults op Tables I., 11., and III. 

Transverse Strain, — Table I. 

The results of these experiments show that, within the elastic limits, the 
deflections are in proportion to the pressures ; for example, in Experiment 1, 
the deflections are almost exactly expressed by the formula 5=’001361 w, 
where the constant •001361 is the mean, D^, of all the deflections for a 
unity of weight derived from formula (3). By aid of this principle the value 
of the weight, w, with its equivalent deflection, corresponding to the elastic 
limit, was determined. 

The mean value of D^, given in col. 4, the deflection corresponding to unity 
of pressure and section, may be taken as the measure of the flexibility of the 
different bars. In general, the least flexible bars give the highest values of 
E and C, and, other things being the same, or nearly the same, the most 
flexible bars give the highest values of u, the work of deflection correspond- 
ing to unity of section. 

The bars of some of the experiments, 10, 18, 28, &c., with more than 
an average flexibility, gave very high values for C, the working unit 
of resistance to transverse strain, showing their great value when applied to 
the springs of carriages and other constructions, where flexibility and 
strength should be combined. Such bars as those of experiments 1, 12, 21, 
&c., with less than an average flexibility, gave at least an average value for 
C, showing their applicability to all constructions where rigidity and strength 
are required ; and so on to other cases. 

The mean value of E, the modulus of elasticity, given in col. 5, taken for 
thirty of the best specimens, is 31,000,000 nearly, whilst the mean taken 
for a like number, in col. 4, is about 32,000,000. This modulus exceeds 
that of wrought iron by more than the 30th part. Steel having a much 
greater flexibility than wrought iron, accounts for the approximation of their 
values for the modulus of elasticity. The bars that have the greatest flexi- 
bility, or the great value of other things being the same, have the least 
value for the modulus of elasticity. 

The values of u, or the wmrk of deflection for the unity of section up to 
the elastic limit, may be taken as measures of the qualities of bars where 
flexibility and strength are required. 

The bars generally exhibit very high powers of resistance to transverse 
strain. The mean value of the unit of working strength, C, given in col. 9, 
taken for one-half the number of experiments, is 6*83 tons, and for the 
remaining half (omitting the last two experiments) this constant is 5*23 
tons, giving a general mean of 6 tons. In the model tube of the Britannia 
and Conway bridges, the value of the constant for hrealcing weight is 
6*7 tons. 

Taking 11 tons per square inch as the mean value of the compressive and 
tensile resistances of wrought iron at the elastic limit, the value of C in 
this case wiU be less than 2 tons; hence it follows that the transverse 
strength of these steel bars will be about 3^ times the strength of wrought- 
iron bars of the same dimensions. 

In order to determine the relative value of the two kinds of material 
undergoing transverse strain, let us suppose two bars of the same length, 
one steel and the other iron, having the same strength, to be similar in their 
transverse sections ; then, as the strength of bars of similar section are as the 
cubes of their depths, 
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Xd=3‘5^Xd, 


where d is the depth of the steel bar, d^^ that of the iron bar, and ^ =3*5, 

the ratio of their units of working strength. 

Hut as the areas of similar section are as the squares of their like dimen- 
sions. 


Section iron bar 3*5l‘fZ^ 
Section steel bar"^ d^ 


3'5f= 2*3052. 


Now taking the cost of iron at £7 per ton, and that of steel at ^12, we 
have for the relative cost of the two materials of the same strength, 

Iron 7x2*3052 16*1364 ^ 

Steil 12 ^-1^=1-3447, 

that is, the cost of the iron would be about 1^ times that of the steel. 

In the case of railway bars and such constructions, besides this saving in 
the cost of material, it must be borne in mind that the steel rail would last 
four times as long as the iron rail. 


Tensile Strain . — Table II. 

Taking the mean of the results of the experiments on thirty of the best 
specimens, we find the mean tenacity per square inch =47*7 tons. 

Now if we take 25 tons per square inch as the tenacity of the best English 
hammered iron in bars, it follows that the tenacity of these steel bars will 
be about twice (1*91 time) that of the iron bars. 

Economic use of the Material. 

For bars of equal strength, undergoing tensile strain, the iron bar should 
be about twice the section of the steel bar ; now if the cost of steel be £12 
per ton, and that of iron £7, then, for a ton of metal in each case, the com- 
parative cost of bars of equal strength will be 

Iron bars 7 xl*9I I3*37_ 

Steel burs”' 12 12 “ 

that is, the cost of the iron would be more than once and one-tenth that of 
the steel; in this case*, therefore, the steel would bejjhe more economical 
metal. The saving per ton of materijil would be £1*37, or £1 Is. 4^d. 

The work producing rupture in the dilferent specimens is very variable, 
owing probably, to some extent, to the errors arising from the determina- 
tion of such exceedingly small elongations. This irregularity would have 
been avoided if the specimens had been of greater length, so that the elonga- 
tions might haire been ascertained with greater accuracy . ^ 

The greatest value (6403) of this work of elongation is given in expt. 14, 
where the breaking strain of the specimen is below the average, being only 

about 40 tons per square inch. • -u ^ 

The specimen (see expt. 18) which had the greatest tenacity, viz. about 
60 tons per square inch, required only 670 units of work to produce rup- 
ture ; this arises from the very small elongation, viz. *01, which the bar 
sustained at the point of rupture, 

1867. 
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The Tiltimate elongations are unaccountably variable, and seem much below 
what might have been expected ; even the greatest elongation, ’IdST, given 
in the Table, is below the average for iron bars, whilst the least elongation, 
•0037, produced by a strain of 38| tons per square inch, is only about the 
50th part of this average. 


Compression , — Table III. 

Thirty- two of the bars supported jeach a pressure of 100 ’7 tons per square 
inch of section without undergoing any sensiVble fracture, whilst twenty- 
three bars were more or less fractured with this pressure. 

The mean value of the compression per unit of length, given in col. 6 of the 
Table, taken for 24 of the best specimens, is *372 ; whilst the mean taken for 
the remaining specimens is *232, giving a general mean deflection of *302. 

The work, Uj expended in crushing the material in short columns is re- 
markably large. The mean value of u, given in col. 7, taken for 26 of the 
best specimens, is 41300 ; whilst the mean taken for the remaining speci- 
mens is 25400, giving a general mean value of 33400. 

If 6000 be taken as the value of u, in the case of tensile strain, then the 
work expended in rupturing the material by compression will be 5| times 
the work expended in rupturing the material by extension. 

Tensile and compressive Resistances compared. 

Taking the mean tensile resistance to rupture at 47*7 tons per square 
inch, it follows that their resistance to compression is more than double 

(2*1 times) their resistance to extension : thus Hence it fol- 

lows that the most economic form of a steel bar undergoing transverse strain 
would be a bar with double flanches, having the area of the bottom flanch 
about double that of the top flanch. 

This conclusion is borne out by the results of experiments on transverse 
strain, where the strain per square inch of the material at the elastic 
limit, =6C=6x 6*83 tons =40*98, or 41 tons nearly ; but the mean break- 
ing strain per square inch by extension =47*7 tons, clearly indicating that 
the compressive resistance in the former case was considerably in excess of 
the tensile resistance. 

It is important in every experiment on the strength of materials, which 
enters so largely into constructive art, that we should be thoroughly ac- 
quainted with the properties of the material of which the structure is com- 
posed, and that its resistance in aU the different forms of strain should be 
clearly and distinctly ascertained. In the foregoing experiments we have 
determined the resisting powers of the different specimens to bending, ten- 
sion, and compression ; but we have omitted that of torsion, or twisting, 
until we have an opportunity of doing so upon the same identical bars. 
These I hope to accomplish in a separate communication, and also to give 
some further results on an enlarged scale, calculated to confirm what has 
already been done, and to ascertain some additional facts in regard to the 
changes now in pre^ess in the manufacture of Bessemer steel. 
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Report qf the Committee appoimted to explore the Marine Rama and 
Flora qf the South Coast of Devon and Cornwall, — No. 2* Consist- 
ing qfj. Gwyn Jeffreys, JR Bev. Thomas Hincks, Jonathan 
Couch, Charles Stewart, F,L,S,, J. Brooking Eowe, 

F,L,8.i J. Ralfs, F,L.S. Reporter, C. Spence Bate, F.R,S, ^c. 

In presenting their Second Report, the CoiRinittee beg to state that their 
endeavour has been, as much as possible, to direct their researches towards 
the discovery of rare or new species, — to retake, upon the ground on which 
they were originally found, specimens similar to those that have been de- 
scribed by Leach and Montagu, some of whose typical specimens have been 
lost, misplaced, or destroyed. This is more true in regard to the Crustacea 
than perhaps of any other class of animals — a circumstance, when taken in 
connexion with the curt descriptions of the animals given by the authors, 
that materially interferes with the power of zoologists to pronounce with con- 
fidence upon the relation that any fresh specimens may bear to those types. 

To carry out this plan as much as possible, we have directed our investiga- 
tions hitherto mostly between Bigbury Bay toward the east, and the Dodman 
toward the west. Within these limits our dredging and trawling has been 
mostly carried on within a distance of about twenty miles of the shore, and 
in water that has not exceeded fifty fathoms in depth. 

Fish, — As regards the obtaining of fish, the sweep of a dredge, Mr. Couch 
says, is too limited to afibrd a prospect of much success ; and our notes about 
them can be but few. In shallow depths the Megrim or Scaldfish {BTiomhus 
amoglossus) was obtained in abundance ; but none were found at between 
forty and fifty fathoms. At the latter depth the Launcelet and larger Launce 
had lain buried in the sand ; as regards the latter, it seems worthy of notice 
that at this season the large abundance of its species have changed their 
quarters so as to approach the shore, while at least in this one instance an 
example has remained buried in its winter haunt. An observation made by 
an intelligent fisherman may also be deserving of notice. It refers to the 
habit of some small individuals of several kinds of fish seeking shelter within 
the cavity of some of the larger species of medusa). Very small Scads, Bibs, 
and Whiting Pollacks are often found thus attending on these medusae, so as 
to accompany them wherever they float ; and on the least alarm they have 
recourse to the shelter thus ofiered to them ; so that on lifting one of these 
creatures into the boat there were found concealed within the cavities no 
less than sixty-two young Scads — from which the question arises. As these 
medusae are generally believed to come to us from a warmer region, may they 
not be the means of conveying to us young fishes of rarer sorts, which other- 
wise might not have visited us ? 

Among the rarer fishes which have come to our knowledge since our last 
Report to the Meeting of the British Association, I may be permitted to 
mention Ausonia cuvieri, of which an account is given in the Journal of the 
Zoological Society, — and also what there is some reason to judge a distinct 
species, to which the name has been assigned of A, cocJcsii, We have had 
also the Scabbard fish (Lepidoptis argyreus), which was found floating on 
the surface near Falmouth, and also the Silvery hairtail {Trichivrus Ta- 
tums) taken in a drift-net near Penzance. 

Mollusca . — Bostellaria •pee-'pelecani, in all stages of growth ; Pmmmohia 
vespertinat Crassina danmonii, Cardium espmatnm, C. levigaivw, CeniJiiom 
lima, Acmcea virginea, from a trawl (but this example diflere from the figure 

V 2 
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given by Forbes, as if from greater age), Chione islandka, VeniiB sarmensis, 
F. fasdata^ Solen ^ellucidits, Saxicava arctica, Lima Mans, or L. loskonii (a 
single valve from thirty-five fathoms) ; Pectens, numerous, among them P. 
tigrinuSfhut all empty shells ; Dewtalium entalis; L, tarentinum (?)f Pilidium 
fulvum, on the dead shell of Pinna nigra ; Fusus jpropinqum ; P. longirostris, 
from forty fathoms ; Balia lignaria ; Turritella terehra ; Trochus papillosus ; 
Scalaria clathratulus ; Natica alderi ; N, nitida, from the stomach of Asterias 
aurantiaca ; Pandora inoequivalvis ; two or three examples of a genus which 
Forbes terms Trophon, but of which he has not given figures ; Emarginula 
rosea ; Marginella rosea, 

Cbttstacea. — The Eeporter states that the number of Crustacea that have 
been taken off this south-western coast of England has been very large, 
being, with few arctic exceptions, the whole that have hitherto been known to 
the British seas, to which we have the pleasure of adding several interest- 
ing and important species. 

The entrance to the English channel appears in its position to be the 
boundary or extreme limits of two several faunas. We find species that are 
decidedly arctic in their character represented by specimens that have a 
generally depauperized appearance, both as to size and typical expression, 
while Mediterranean species are represented without any large amount of 
variation in form or dimensions of specimens. But our observations induce 
us to believe that the southern forms, when taken on our shores, are gene- 
rally dredged from water of considerable depth, whereas those of the arctic 
types are as invariably taken in shallow water. 

The variation of depths and local habitats appear to us to depend more 
upon the condition of food and its general supply than from other causes ; 
we therefore think that the geographical distribution of animals in limited 
regions can only be worked out by a previous knowledge of the history of the 
animals, particularly in relation to their food — and even then cannot be very 
reliable. 

The annexed list of Crustacea exhibits the various species that have been 
recently taken by members of this Committee. 

Beachyxjea. 



Range 

Ground. 

Frequency. 

Stenorhynchiis, Lamarclc. 
phalangium, l?enn 

Path. 

3-45 

Zoopliytic. 

Common. 

tenuirostris, Leach . , . 

6-30 

Zoopliytic. 

Frequent. 

Aoheeus, Leach. 


cranchii, Leach 

6-20 

Zoophytic. 

Occasionally. 

Inachus, Fabr, 


dorBettensis, Penn 

6-30 

Rocky. 

Occasionally. 

Pisa, Leach. 



tetraodon, Leach 

10-20 

Weedy. 

Not common. 

Hyas, Leach. 



aranea Fair 

6-40 

Weedy. 

Frequent. 

Maia, Lam. 


Bquinado, Serhst 

3- 8 

Weedy, 

Frequent. 

Euiynome, Leach. 


aspera, Leach 

4-40 

Weedy, 

Frequent. 

Xantho, LecLch. 


florida, Leach 

6-20 

Rocky. 

Occasionally. 

rivulosa, Fd 

6-20 

Rocky. 

Occasionally. 

tuberculata, Couch 

4-45 

Stony, 

Frequent, 
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Brachyuea — continued. 



Range. 

Ground, 

Frequency. 

Primula, Leach. 

denticulata, Mont 

4 3 

^4 

Zoophytic. 

Frequent. 

Carcinus meenas, Linn 

0- i 

Rocky. 

Common. 

Portunus, Leach. 

puber, lAnn 



0- 1 

Rocky. 

Frequent. 

depurator, Leach 

4-45 

Zoophytic. 

Occasionally. 

marmoreus, Leach 

3-45 

Zoophytic. 

Occasionally. 

pusillus, Leach 

5 

Rocky. 

Occasionally. 

Polybius, Leach. 


honslowii, Leach 


Trawled. 

Occasionally. 

Pinnotheres, Latr. 



pisum, Penn 

0 

Oyster-bed. 

1 in mussel, Saliosh. 

vetcrum, Bose . 

30 

Stony. 

1 in Pinna. 

Oonophax, Leach. 



angulatu, Leach.. .. 

12 

Zoophytic. 

Occasionally. 

Planes, Leach. 


linnseana, Leach 


On hving turtle. 

2 near French coast. 

Ebaha, Leach. 


pennantii, Leach 

40 


Frequent. 

bryerii, Leach 

4-45 

Sheliy. 

Frequent. 

cranchii, Leach 

40-45 

Shelly. 

Frequent. 

Atelecyclus, Leach. 



heterodon, Leach 

30-45 

Stony. 

Occasionally. 

Corystes, Leach. 



caisivelaunus, Leach 

12 

Zoophytic. 

Common. 


Anomfra. 


Range. 


Ground. 


Frequency. 


Pagurus, Fdbr. 

bemhardus, Linn . . . 
prideauxii, Leach . 
cuanensis, Thom-. .. 
hyndmanni, Thom. 

Ifievis, Thom 

dillwynii, Sp. B. .. 


Porcellana, Lam. 

platycheles, Penn 

longicomis, Penn 

Galathca, Fahr. 

squamifera, Leach 

dispersa, Sp. B 

slrigosa, Fahr 

nexa, Fmh 

andrewsii, Kin 

bamffica, Penn. ^Munida| 
rondeletii, Bell) ... 


Path. 

0-30 

6-45 

3- 10 

6 

4- 10 
0 - 6 


0- 3 
4-40 

12 

4-40 

0-10 

40 

10-45 

20-30 


Stony. 

Zoophytic. 

Rocky. 

Mud and stone. 
Rocky. 

Sand, rocky. 


Rocky. 

Zoophytic, rocky. 

Zoophytic. 

Zoophytic. 

Stony. 

SheUy. 

Zoophytic. 


digitidistans, &p. B 


30 


Stony. 


Stony. 


Common. 

Occasionally. 

Not common. 

Occasionally. 

Occasionally. 

Common atExmouth, oc- 
casionally at the mouth 
of the Yealm. 

Common. 

Common. 

Occasionally. 

Common. 

Common. 

Occasionally. 

Frequent. 

Occasionally. Mr. Couch 
says, common in sto- 
mach of codfish. 

2 specimens. 


I 
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Maobitba. 



Bango. 

Ground. 

TVequency. 

Soyllarus, Fahr. 

arctus, lAnn* 

Path. 

6 

Rocky, 

5 specimens : 1 Ply- 

Palinurus, Fabr» 

vulgaris, Lair 

3-10 

Rocky, 

mouth, 1 Polperro, 
and 8 Penzance. 

Common. 

Callianassa, Lecbch. 

subterranea, Leach 

4 

Mud. 

1 specimen. 

Homarus, MrEd, 

marinus, Fahr 

1- 6 

Rocky. 

Common. 

Orangon, Fahr, 

vulgaris, Fair 

boreas, PfUpps (fasciatus, 
JRissOf sculp tus, Bell) 

0-40 

Sand. 

Common. 

20 

Stony. 

Occasionally. 

spinosus, Leach 

6-15 

Zoophytic. 

Frequent. 

trispinosus, PLaiUlr 

6 

Rocky. 

4 specimens, Bigsby Bay. 

Alpheus, Fahr. 

ruber, Fdw 

30 

Stony. 

Several specimens. 

edwarclsii 

30 

Stony. 

Several specimens. 

Typton, Costa. 

spongiosum, Bp, B 

4 

Stony. 

4 specimens in a sponge. 

Nika, Risso, 

edulis (Risso)i coucliii, 
(^Bell) 

30 

Stony. 

Occasionally. 

Athanas, Leach. 

nitescens, Mont 

Hippolyte, Leach. 

cranchii, Leach 

6-10 

Stony. 

Off Polperro. 

Common. 

Caradina, Fdw. 

variana, Leach 

6-10 

Stony. 

Common. 

tenuirostris, Sp. B. . . 

4- 6 

Stony. 

Several. 

Pandalus Jeffrcysii {Sp. B.), 
(Thompsoni?, Bell) 

6 

Rocky. 


Palaemon, Fahr. 

serratus, Penn 

1-40 

Rocky. 

Common. 


Among the Brachyura we know not of any that call for especial remark, 
except Planes linnwana, of which Mr. Couch says, “ In the spring of the 
present year (1867) an example of the Hawk^s-biU Turtle was taken in tie 
Channel, at not a great distance from the Prench coast, and therefore not to 
be classed as British ; but when brought aliye and active to Polperro, there 
were found, adhering closely imder the shelter of its tail, two full-grown 
examples of the Crab Planes linnceana , — the situation evidently chosen for 
support and shelter ; for, from the structure of their hind legs, it does not 
appear probable that they can maintain themselves at the surface without 
the aid of some extraneous support.’’ 

These would not have been recorded here if the species had not pre- 
viously been taken on our coast ; for there can be little doubt that they are 
mere strangers ; and the specimens having been taken attached to a living 
turtle corroborates the fact, while it also shows that the exotic reptile must 
have gathered them as it travelled by the Sargossa weed. 

Amongst the anomurous Crustacea we would wish to notice the genus that 
Leach has named Munida in order to distinguish it from that of Galathea ; 
but the points of distinction are not sufficient to warrant so great a separation, 
and naturally they appear to us to be but species of one genus. 
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We have recently taken three fine specimens on the shelly ground off the 
Dodman in about thirty fathoms of water. The first specimen that we ob- 
tained differed from those previously known and described by having, instead 
of a long central rostriform spine flanked by two shorter ones of analogous 
construction, three equally important anteriorly porrected spines — ^this in 
consequence of the two lateral spines being developed to a length corre- 
sponding with that of the central in normal specimens ; whilst in another 
specimen the central spine appears to bo rather longer in proportion to the 
lateral ones than that figured by either Leach or Prof. Bell, and the specimen 
bears a very close relationship to Galathea monodon of Milne- Edwards from 
Brazil — a circumstance that supports an opinion that we have elsewhere 
expressed, that there is a very considerable resemblance between the Crustacea 
of the South- American coast and that of the British seas. 

This species, Galathea hamffica {Munida rondeletii^ Bell), is stated to be one 
of the rarest of our Crustacea, and is seldom to be met with in our museums. 
Its habitat is most probably the temperate latitudes in tolerably deep water 
on the western shores of Europe ; for although extending as far as the Shet- 
lands, yet the specimens that have been dredged in the colder regions are, 
wo believe, invariably very small and the inhabitants of very deep water. 

Among the Galathece that we have taken on our coast, and which embrace 
all that have been previously known as British, is one that we think must be 
accepted as not having been previously described. 

The largest specimen, measuring from the extremity of the tail to that of 
the extended hands, is little more than two inches, of which the animal 
itself, measuring from the extremity of the rostrum to that of the tail, is 
little more than one inch. This species differs from either of the others in 
having the large pair of chelate pereiopoda flat and broad, the fingers much 
curved, very distant, and meeting only at their apex when closed, furnished 
on the inside with a considerable brush of hairs, and armed near the base of 
the moveable finger with a prominent tubercle or tooth, but which appears 
to be of little importance, since it is not able to impinge against the opposite 
finger. We have sometimes thought that this specimen may only be an 
extreme form of the male of Galathea squamifera ; but the armature of the 
surface of the hands, which is generally a safe guide in specific character, 
has a distinct variation. In 6r. squamifera the arms are covered generally 
with a scries of curved scale-like tuberculations, the anterior margin of 
which is divided into a series of bead-like elevations, wliile in the most 
typical parts, such as on the surface of the meros and carpus, the central 
prominence is elevated to a point, and the whole of the tubercular ridge is 
crowned by a row of short hairs so minute that they are not perceptible ex- 
cept by the assistance of a lens. These tuberaulatioiis are closely packed and 
regular. 

In the supposed new species the tuberculations are less prominent and 
defined, the margins of which can only bo perceived to be at all baccated by 
careful arrangement of the light, while the cilia, being far less numerous, are 
yet more conspicuous under the lens. If it be only a variation of G- squami^ 
fera, as we are much inclined stiU to consider.it, it is too important a 
Variation to be passed over without notice, and the Beporter has named it 
provisionally Galathea diyitidistam, until the observation of a larger series 
of specimens than we have as yet seen may enable us to arrive at a correct 
conclusion. 

The zoe of the genus Porcellana has, we believe, been figured from exotic 
species by Dana ; and having the opportunity of observing that of P, platy^ 
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cheUSf we have taken advantage of the circumstance (PI. I. fig. 4). It differs 
from the recognized typical zoe of the common shore-crab {Carcinus m(mas) 
in the monstrous development of an anterior and two posterior comuous pro- 
cesses to the carapace, and in the formation of the telson ; but in its complete 
character it offers an intermediate condition between the larvae of the bra- 
chyurous and macrurous Crustacea. It has the appendages of the cephalon 
and pereion developed to a similar extent wuth those of the Brachjmra, 
whereas the telson and carapace bear a nearer resemblance to the same parts 
in the Macrura, from which they differ in degree only. In the carapace, 
instead of the rostrum and the posterior angles of the carapace being only 
just pronounced, as in the macrurous zoe, they are developed to a larger ex- 
tent in the anomurous larva?, and in the young of the Porcellance to nearly 
twice or three times the length of the animal ; while the telson, instead of 
being shaped like the caudal fin of a fish, has in the Anomura the central 
portion sometimes produced to an angle posteriorly. 

Beyond this stage of the development of this species, or, we believe, any 
species of the Anomura, we have no sure knowledge, except that which we 
stated in the last Beport relative to the genus Olaucothoe being a stage in the 
development of the genus Pagurus, 

The zoe of Pagunis (PL I. fig. 1) is probably tolerably well known to car- 
cinologists, but we are not aware of its having been figured or described. It 
has the anomurous character of having a pointed rostrum and a projecting 
point at each of the posterior angles of the carapace, and the telson termi- 
nating in a gradually widening fishtail-like a 2 )pendagc, fringed with a few 
terminal spines — the appendages being developed rather on the type of those 
of the Brachyura than of the Macrura. During our expeditions we have 
taken specimens that we believe to be the zoe of the same genus still further 
developed ; we say believe to be, because it is only from analysis that we have 
come to this conclusion, and we have not the testimony of direct observation 
that the one is the older stage of the other. 

That which we take to be the second stage of the genus Pagurus (PI. I, 
fig. 2) we took, in the latter end of May, in a to wing-net, in Plymouth Sound. 
Prom its general appearance our first impression was that it was the young of 
Palcemon; but closer observation and a careful dissection of its parts induce 
us strongly to believe that it is the young of one of the anomurous group 
of Crustacea, — ^in the first place the form of the carapace, in the next the 
general divergence from and the resemblance to the appendages of the zoe of 
a macrurous decapod. The superior antenna is developed upon the brachy- 
urous type, but the inferior has the squamiform appendage of the macrurous 
Crustacea. All the other appendages that pertain to the cephalon and pereion, 
except the last pair of pereioppda (and these are not developed, at least they 
were not perceptible to our examination), have the macrurous type — a cir- 
cumstance that would accord with the animal being that of an undeveloped 
anomurous crustacean. The pleon and its appendages bear a very close resem- 
blance to those of the larva of a prawn, since it is cquilaterally developed and 
furnished with a pair of appendages, posteriorly and ventrally, attached to each 
somite, the last of which is much larger than the others, and is evidently a 
progressive stage in the development of the great caudal plates of the macru- 
rous Crustacea. 

We attribute it to the genus Pagurm rather than to any of our other 
anomurous Crustacea, because it di&rs from the known zoe of Porcellana, 
and of that of Oalathea we have no knowledge; but from the nearer 
approach of these last genera to each other in their adult stage than to 
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PaguraSy we are inclined to believe in a near resemblance of tbeir larvae. 
Hence our assumption that this present immature species is a young Pagurus* 
The next stage (PI. I. fig. 3) to which we allude is one that we noticed 
in our preliminary Report to this Association. 

The animal is a small creature that we took floating near the surface of 
the sea in a warm day in June. Its general appearance is that of a young 
macrurous crustacean ; and as such has been classified near to Callianassa and 
CalUadina* It is symmetrical, except in the larger development of the great 
chela of the right side. The two succeeding pereiopoda are very long, but 
simple, in their formation. The last two are considerably reduced in size ; and 
the anterior terminates in a small imperfectly didactyle forceps ; and the pos- 
terior has a copious brush, consisting of cilia and short and broad spines, 
amongst which the short obtuse and spinous dactylos is discernible. The 
pleon is well developed, having each somite clearly defined, and all, except 
the first, carrying an equally developed pair of appendages, each of which 
consists of a peduncle and two unequal rami. The posterior pair, or uropoda, 
differ from the others in having the peduncle shorter, and the outer ramus 
longer and more robust ; it is likewise, in the older specimens, curved slightly 
more on the left side than on the right. 

In this condition they probably continue until the}^ find a suitable molluscous 
shell in which to reside. We imagine that they may continue to cast their 
exuvia and grow according to the length of time that they are deficient of such 
shell, because we have taken specimens occupants of shells that are still smaller 
than the one described, and yet further advanced to maturity. It would be 
curious to see if, when deprived entirely of the use of a shell for a habitat, 
they should continue to grow and retain the normal form of the pleon gene- 
rally — a feature that characterizes some of the exotic closely allied genera. 

Thus a careful examination of numerous specimens has enabled us to 
demonstrate the progressive development of the genus PaguruSy and to affirm 
with much confidence, judging by the descriptions and figure of the authors, 
that the genera Glamothoe of M. -Edwards, and Prophylax of Latreille, are 
none other than an immature stage of the genus Pagurus ; but since their 
specimens were exotic, they were probably the young of some foreign species. 

xlmongst the macrurous Crustacea, we have had the opportunity of exa- 
mining and figuring the larva of Palhiurus (PI. II. fig. 2). The young of this 
genus was first made known to this Association by the late Mr. R. Q. Couch 
of Penzance, at the Meeting at Dublin in 1857, when he drew attention to the 
near resemblance existing between it and the genus Pliyllosoma. In ] 864-65 
M. Gerbe (see the ‘ Comptes Rendus ’) repeated the discovery of Mr. Couch, 
and asserts that the larva of Palinurus is identical with the genus Pliyllosoma, 
The larva of most of the decapod Crustacea has the largest amount of deve- 
lopment, commencing with the cephalon and the pleon ; whilst in the larva 
of the Palinurus the greatest advancement exists in the anterior part of the 
cephalon and in the pereion, whereas the pleon is almost rudimentary. 

On comparing it with the genus Phyllosoma (PI. II. fig. 1), as M. Gerbe 
has done, there is little in the general structure of the animals that can war- 
rant a separation of the two, or that might not be accounted for by an 
increasing development of the younger specimens. Yet there are certain 
points that weigh heavily in the balance of evidence against the larva of Pa- 
linurus and Phyllosoma being but different stages of the same animal : — 

(1) It is contrary to our experience that so small an amount of progressive 
development shall have taken place in an animal that has increased in 
growth to about thirty times its size. We generally perceive in the develop- 
ment of Crustacea that the most important changes are those that imme- 
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diately succeed the birth of the larva. (2) The most certain mark by tvhicli 
a young animal may be known is the immature condition of the antennse, 
more especially the flagella ; now, whilst in the larva of the Pallnurus they 
are very rudimentary, in Phyllosoma they assume an adult character, and, in 
the second pair, one that is of a peculiar feature, at least in the species to 
which we refer. (3) The oral appendages appear to be present, though 
only as the germs of the future parts, whilst in Phyllosoma they appear to 
eidst in a rudimentary condition that assimilates little to a progressive stage. 
(4) Double branchial vesicles are attached to the coxao of each pair of 
pereiopoda, whilst none exist in the larva of Palinurus. We must admit, 
however, that this argument is not very strong, seeing that in the adult 
Palimms branchial organs are present, and that there must bo a period 
when they first appear ; and it is most probable that their earliest stage 
is of the most simple character. And perhaps we should not have thought 
it sufficiently important to have remarked upon, had not M. Gerbe stated 
that Phyllosoma^ like the larva of Palinurus, was without branchial appen- 
dages ; and M. M. -Edwards remarked that these vesicular appendages are 
vestiges of the external branch of the limbs. (5) PhyUosooia is a tropical 
genus, and with such we can only compare the larva of Palinurus ; two 
specimens only of the former have been obtained in the British seas, whereas 
Palinurus is very common on our coasts — an argument that might be very 
forcible were we not cognizant of the fact that we are quite as much, if not 
more, in the dark in relation to the development of the common lobster. 

Our ignorance upon these interesting and important points in the history 
of the Crustacea, together with the discovery of Eritz Muller, that the larva 
of Peneus, and probably that of some other prawns, very closely resembles 
that of the cirripedes and other entomostracous larvaB, shows that there is 
much yet to be done of far more interest to zoological science than the mere 
discovery of new species to be added to our fauna. The great diversity of 
structure and the wonderful variation in the development of animals that 
possess a great similarity in their adult condition indicate that careful study 
of these animals will probably assist in throwing considerable light on some 
of the more profound problems of biological knowledge. 

Several specimens of Scyllarus arctus have been taken recently on our 
coasts. It is some years since Mr. Couch announced the first appearance of 
this as a British species ; and none has since been recorded until these last 
two years, when several have been taken near Penzance by Mr. Cornish, and 
one off the Mewstone, near the eastern entrance of Plymouth Sound; two 
of these were furnished with spawn, and two were found in the stomach of 
a cod-fish. That which we obtained off the Mewstone was four inches and 
a half long, and one of the most interesting additions to our local fauna. 
This length is half as long again as that recorded by M. Milne-Edwards 
of the Mediterranean specimens. 

In the dredging list published by this Association, the common lobster of 
Europe is called Astaeus gammarus (L.), marinus (Eabr.), and Homarus vul- 
garis (M.-Edwards). But since the descriptions of Linnaeus of Crustacea are so 
very general, and the specific name used by him has been long closely associ- 
ated with that of a very distinct genus, we think that of Eabricius (the 
next in succession) should be adopted. Again, the generic name given by 
Eabricius, Astaeus, although prior to all others, yet included the freshwater 
genus, with which it is so closely associated that it would be inconvenient 
to make an exchange. We therefore propose, in accordance with the rules 
laid down by this Association, to retain the generic name of M. M.-Edwards 
snd the iq)ecific name of Eabricius, and call it Homarus marinus (Eabr.). 
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We cannot turn away from this species without noticing the manner in 
which the process of repair is carried on in the development of a new 
flagellum to the inferior pair of antenna. Mr. tloyd, Conservator of the 
Marine Zoological Collection at Hamburg, to whom the reporter is indebted 
for the preparation from which fig. 4 in Plate III. is taken, writes to us, 

The animal lost the antenna by accident, just where the juncture with the 
peduncle takes place ; and then the antenna beg^ to grow in a spiral case, 
the spiral growing larger and increasing the number of its turns as it grew 
older, but never getting hard or coloured. When the entire exuviation of 
the lobster took place (in about four months after the antenna was broken 
off), the antenna was drawn out of its special case and came forth straight, 
the spiral skin retaining its shape. Hardening of the antenna does not take 
place (or at least it does not appear hard) till after exuviation ; and in like 
manner the limbs of all the lobsters here which Tenew their limbs.’^ 

A specimen of the genus Axius was taken by Mr. Couch off Polperro, and 
described by him as new in the ^Zoologist,’ pp. 52-82, 1856 ; but we are not 
aware that it has been since met with. 

We have taken what we believe to be specimens of Crangonfasciatus and Cr. 
scxdjptus ; and a careful comparison of them with the descriptions and figures 
of the authors has failed to convince us that they are not more or less spinous 
varieties of the same species ; and in character they agree so well with the 
description of Gmngon horeas (Phipps) that it is difficult to believe that they 
are not depauperized specimens of that large arctic species. 

Several specimens of Aljpheus 7'uher have been taken on shelly ground off 
the Dodman, and from the same locality two other specimens of A . edwardsit, 
(PI. III. fig. 2) — ^which we believe is the first time that this latter species has 
been recorded as British. We had them alive for several days. Their colour 
is a brilliant crimson red, A. xniher being rather paler and more banded 
than A, edwardsii. One peculiar and interesting feature in the structure of 
this animal is the alteration of the character of that portion of the carapace 
that covers and protects the organs of vision ; this, which is due not so much 
to the anterior development of the carapace as it is to the eyes having re- 
ceded beneath it, is so changed that, while it offers protection to the organs 
of vision, yet it has become so transparent that it is only by close and careful 
examination that, in the living state, the relation of the two parts to each 
other can be distinguished. 

The next genus to which we have to allude is one that is now to our 
fauna. It was first described under the name of Typton by Costa, from 
species taken at Haples as far back as 1844 (Annali dell’ Acad, degli Aspir. 
!Nat. di Hap. ii.), by Grube (Ein Ausfiug nach Triest und dem Quarnero, pp, 
65 and 125), and in 1856 by Heller under the name of Pontonella (Yerhand- 
lungen des zool.-bot. Yereins in Wien, p. 627, Tafel ix. figs. 1-15). 

The British species differs in several points of detail from the figure of the 
Mediterranean species given by Heller in his ^ Crustaceen des sudlichenEuropa.’ 
We have therefore considered it a distinct species, and have named it 

Typton spongiosum, of which the following is a short description ; — 

Gen. CjttAR.—Oafapace short and deep, covering the entire ^reion, Pleon twice 
as long as the carapace, with the lateral walla deep. Byes prominent, not 
conceited under the carapace, superior antenna having a secondary branch. 
First pair of pereiopoda equal, slender, long, and chelate. Second pair large, 
in general the right much larger than the left. 

Spec. Char. — Carapace having a short, simple rostrum. Eye longer than the 
rostrum. Anterior antennee With the secondary appendage lohger than the 
primary ; posterior antenn® having the s^nsmiioi^m plate ef the third joint 
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small, pointed, and not ciliated. Second pair of pereiopoda having the pro- 
podos as long and nearly as broad as the carapace. Dactylos of the nght 
hand with the cutting margin convex and simple, on the left hand less convex 
and cuneated. Posterior pair of pleopoda with the posterior external angle of 
the outer ramus dentated, the inner tooth being the longest. Telson anned 
with four lateral dorsal spines, and tipped with a few spines and hairs. 

“We have taken several specimens of Nika ; and from their general resem- 
blance to N, couchii, while possessing the channelled telson of N. edulisy so 
particularly pointed out by Bell as a specific distinctive test, we are much 
inclined to believe that there is but a single British species yet known, 
and that N. couchii is but a variety of N, edtilis, Eisso. An examination of 
its parts in detail has shown us that the mandibula (PL III. fig. 3) is formed 
on a plan that nearer associates the genus with that of Cratujon than with 
Alj^heusy in the family of which, the latter being the type (ALimnimE), Nika 
is placed by M. -Edwards and Bell, while Dana, more correctly we thinli, has 
placed it in a subfamily of the CnANGONiniE, the LvsMATixiE. 

Two or three specimens of Athanas nitesceus have been taken ofi* Poljocrro. 

IlippoJ^te barJeeiy which was described by us from a Shetland specimen 
several j^ears ago, must, we think, be expunged from the list of species, since, 
as pointed out by the Eev. A. M. Norman some time since, it is only an 
accidental variety of H, cranchii. Our observations of the Stomapoda have 
been limited to a few of the commoner species ; whether this arises from the 
species not being abundant on our southern shores as compared wdth those 
on the northern, or from accidental causes, attributable to our collecting- 
arrangements, is yet to be determined. 

Amongst the smallericrustacea there is little to which we should wish to draw 
special attention, except that we have recently taken what may prove to be 
an undescribed Anthura, and to some observations on the structure of Tana is. 

In 1861 Tan Beneden asserted that the proper place of the genus Tanak 
was near to that of the family of the Diastylidee, because the cephalon was 
developed upon the type of the carapace of the Dccapoda. In 1864 this 
opinion was followed by Dr. Pritz Muller, who stated that thougli he had 
been unable to identify branchial appendages, yet he felt assured that it 
possessed rudimentary organs, because he had observed a current of water 
playing from beneath the carapace. Eecently having obtained some living 
specimens, we have been able to support Dr. Pritz Muller’s conclusion relative 
to the current of water ; for by the assistance of transmitted light we have 
been able through the walls of the carapace to see the branchial appendage 
waving to and fro ; we have since dissected out the organ, a drawing of 
which accompanies this Eeport (Plate III. fig. 5, h), 

Echinodermata. — Mr. Couch, reporting on the Echinodermata, says : — We 
have taken Echinus sphasrUy E, mUiaris, Echinocyamus pusillus, Spatatigus 
purpureuSy Amphidotus roseus, small examples of Palmipes membranaceusy 
AsUrias aurantiacay A, gladalis, Porania pulvillea (by far the most beautiful, 
in splendour and variety of colour, of all our native starfishes, and also the 
scarcest ; the colours are liable to variation in different individuals), Luidia 
fragilissimay Ophiocoma jiliformis. 

There was a time when the fiexible species of corals were in abundance on 
the rather hard and what fishermen, from its being free from large stones 
end rocks, term clean ground ; but this for the most part has been swept 
doubly clean by trawling; and the shelter of these corals and the lower 
animals which grew among them, which invited fish to seek it for spawning, 
and also afforded refuge especially to the young fish, is destroyed, on which 
account very little of these corals was seen. Prom a fisherman’s hook, how- 
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ever, in rather shallower water, was obtained a large example of the species 
named, in the Journal of the Zoological Society, by Dr. J. E. Gray, i2Aoc?o- 
phyton couchii, the second that has been met with, more fleshy than the 
former, and now also deposited in the British Museum. An incrusting 
Alcyonium was also found, which took the form, in its contorted windings, 
of the slender substance that passed through and supported it. Added to 
these, we dredged up Cellepora ramulosa, and what I believed to be (7. 
IcBvigata ; but having sent the specimen to our lamented friend the late 
Joseph Alder, ho hesitated to decide regarding it. 

Spoxges. — T he sponges were not the least interesting of the objects that we 
have obtained — and so much the rather as our observations on them have had 
the advantage of the assistance of Dr. Bowerbank, to whom specimens of all 
were submitted for his opinion. Among the sponges examined by Dr. 
Bowerbank, we have to congratulate ourselves on the acquisition of two 
which that naturalist pronounces new to science and the first as such which 
he has seen since the publication of his Treatise on this department of Natu- 
ral History by the Ray Society. 

These examples, of course, remain with Dr. Bowerbank, who has done 
Mr. Couch the honour to name the first of them Halichondria couchii. Of 
these we annex the author’s descriptions. 

“ Halichondria couchii, Bowerbank. — Sponge massive, compressed, sessile. 
Surface even. Oscula simple, dispersed, minute. Pores inconspicuous. 
Dermal membrane pellucid, spiculous, reticulated ; spicula of the rete same 
as those of the skeleton ; tension specula acerate, minute, and very slender, 
few in number ; retentive spicula simple and contort bihamate, minute and 
blender, not ver}" numerous. Skeleton : — Reticulations regular and distinct ; 
rete rarely more than unispiculous ; spicula acerate, rather stout. Intersti- 
tial memljranes pellucid, spiculous; tension and retentive spicula same as 
those of the dermal membrane. 

Colour. Dried, light grey. 

Habitat. Coast of Cornwall, Mr. Jonathan Couch. 

“ Examined in the dried state.” 

The next novelty was observed to bear a resemblance to the rare Micro- 
ciona fictiiia, but on dissection, with the aid of a microscope, it also showed 
itself to be new, and it is accordingly named M, fravdator : — 

Microciona fraudator, Bowerbank. — Sponge massive, sessile, parasitic on 
Euci or Zoophytes. Surface uneven, pustulous. Oscula simple, dispersed. 
Pores inconspicuous. Dermal membrane abundantly spiculous; tension 
spicula same as those of the skeleton, irregularly fasciculated or dispersed ; 
fasciculi broad and flat, multispiculous ; retentive spicula bidentate, equi- 
anchorate, minute, not very numerous. Skeleton : — Columns diffuse, long, and 
very irregular ; spicula fusiformi-acerate, short and stout. Internal defen- 
sive spicula attenuato-acuate, variable in length, very numerous, rather 
stout ; tension spicula same as those of the skeleton, intermixed with internal 
defensive spicula ; retentive spicula same as those of the dermal membrane. 

“ Colour. Dried, brown, with a tint of yellow. 

“ Habitat. Polperro, JJr. J onathan Couch. 

Examined in the dried state.” 

Halichondria panlcea, a large specimen ; H, albescens, Johnston ; Hymeni- 
addon albescens, Bowerbank; H simulans, Johnston; Isodictya simulans, 
Bowerbank. 

Halichondria suberea, — In a ball of this I found shut up, but with an ori- 
fice, the crustacean Pagurus ctianensis ; and in one or two similar balls there 





were other hermit crabs ; but in these instances there was not a shell on which 
the spofge had incrusted itself. I can scarcely imagine how a shdl can 
have d:^ppeared after having been thus inorusted ; and it is difficult also 
to imiiPljEriiow, without a solid support, this sponge could have formed itself 
into a ball round the crab (which had a defined cavity within) as we find it 
to have done*. 

J7. incrustans, covering the carapace and legs in patches, of a species of 
spider crab. 

Hispida dictyocylindrus, H. Bowerbank. — There is something remarkable 
in the circumstances which have attended the dredging of this species, and 
which I can explain only by supposing that two species are confounded 
together, which on the other hand I am assured, on high authority, is not 
the case. Thus, in spaces or districts at the depth of about twenty, and 
again in forty fathoms, there came up examples of this slender, branched 
sponge, measuring, some of them, a foot in length, with the surface truly 
hirsute, and which had been fixed to the ground by a well-marked and 
rather broad root. But at other places and in deeper water, there clearly 
had never been, of any one of the many examples obtained, an attachment 
to the ground; and the branching growth proceeded from both ends, with an 
intermediate space, not always in the middle, of from one to two or three 
inches in length, and which appeared to he that middle line or stem from 
which the branches at each end derived support, but which had not even a 
slight mark of a root or point of attachment. Secondary branches are at 
least rare, if they occur at all in this (variety) ; and its surface has a much 
finer grain than is common on the rooted examples. Some of these speci- 
mens at least appear to have lain along the ground ; but in a single instance 
one of the ends must have been erect, since on it was growing, parallel with 
it, a flexible coral and two examples of PolUcipes scdlpelhim. In one instance 
also a fine specimen of Oranlia ciliata had become fixed on a prostrate branch ; 
and of another, of small size, now in the possession of Dr. Bowerbank, 
with three branches at each end of a short middle stem, it was the opinion 
of that gentleman that two examples had been brought into contact with 
each other and had thus become united ; hut on examination I was not able 
to discern any such mark of union, and of a root or footstalk there was no 
appearance. 

Other species of sponge obtained in these dredgings are : — HaJichondria 
ficus^ named by my late friend Joshua Alder, from sixty fathoms ; DesmU’- 
cidon fruticosa, Bowerbank ; Hymeniacidon virgultom, Bowerb., near the 
land at Lantwit Bay; Dysidea fragilis, Johnston; Grantia compressa ; 
O, jistvloBa, Johnst. ; Leuconia Jistulosa, Bowerb. ; O. ciliata ; O, lacunosa, 
Johnst. ; Lmcosolenia, Bowerb., in shallow water, on the carapace of the 
Corwich crab ; Amouradum proliferum and A, lomCy from rocks in Lantwit 
Bay. 

* Of a largo abundance of Annelids we are not able to give an account, but 
they have been placed in safe hands, examples having been sent to the Re- 
porter t and to the British Museum, What appear to be three species of 
Aphrodyte have afforded me figures. Polynoe squamata, Oenm hrunnem, and 
two or three species of Bipunculus derive their interest in our labours from a 
knowledge of the depth of water and distance from land in which they live. 

* [The sponge is first formed on the shell, which is afterwards destroyed By tlie sponge, 
by the same power that enable sponges to bore into shells. — Reporter.] 

t These are sent to Dr. Mackintosh for examination, and will be described in our next 
Beport, 
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_ Plate I. Developraent of Fagunis, 

Fig. 1. First stage*. 

Fig. 2. Second stage. The author gives this with the reservation stated, having taken it 
swimming in the open sea. c. Dorsal view of cephalon. a. Eye. b. Sup. ant. 
c. Inf. ant. d. Mandible, g. Posterior maxilliped. h. First pair of gnathopoda. 

Second pair. k. First pair of pereiopoda. % m, n, o. Four posterior pairs of 
pereiopoda. q, t. Pleopoda. u. Sixth pair of pleopoda, z. Telson. 

Fig. 3. Third stage, representing the genus Glaucotnoe of Milne-Edwards and Proto- 
‘phylax of I^treille. n. Penultimate pair of pereiopoda. o. Ultimate pair of 
pereiopoda. p. A pleopod. Sixth, or posterior pair of pleopoda. z. Telson. 
p. Pleon of an older specimen. 

Fig. 4. Zoe of Porcellana platycheles. z. Telson. 

Plate II. 

Phyllosoma. Fig. 2. 7io6 Palinurus marinus. 

Plate III. 

Fig. 1. Typton spongiosum, now species. References as above. 

Fig. 2. Alpheus edwardsiL Fig. 3. Nika pdulis. 

Fig. 4. liomarus onarinus. Development of flagellum to lower antenna. 

Fig. 5. Tanals. h. First pair of gnathopoda, with branchial appendage attached. 


Supplement to .a Report on the Extinct Didine Birds of the Mascarene 
Islands, By Alfred Newton^ M.A., F,L.S.j Professor of Zoology 
in the University of Cambridge, 

In 1 865, at Birmingham, a Committee was appointed to assist the author's 
brother, Mr. Edward Newton, Auditor General of Mauritius, in his researches 
into the Didine Birds of the Mascarene Islands. Last year, at Nottingham, 
the Committee reported ; but their Report, printed in the Aunual Volume of 
the Association for 1860 (p. 401), was in one respect very unsatisfactory j it 
could only speak of promise, not of performance. Indeed almost the sole 
feat it could recount was the having drawn the money granted. The powers 
of the Committee, however, being now ended, the only thing left was to sl^ow 
that they had been properly applied, and this was best done by exhibiting a 
selection from the large series of bones of the Didine Birds of the island of 
Rodriguez, which had been collected by labourers sent expressly to that island 
by Mr. Edward Newton in the autumn of 1866, as stated in the Report of 
the Committee. It had been formerly shown by the late lamented Hugh 
Edwin Strickland (The Dodo and its Kindred, p. 46) that this bird, PezophapS 
solitaria (Gmel.), was Didine in its affinities, though generically separable 
from the true Dodo, Didus ineptiis, Linn. This conclusion, though originallv 
arrived at on very slight evidence, was now shown to be completely correof, 
and the establishment of the genus Pezophaps is proved to have been fully 
justified by the examination of the almost complete series of bones obtaip€4 
by Mr. Edward Newton. On some of tho peculiarities presented by thesp 
bones the author dwelt slightly, but in particular on an unexpected confimm- 
tion of the evidence of Leguat, by the discovery of an extraordinary bony 
knob near the extremity of the wing. Leguat, whose account t of the b^bits 
of the Solitaire was tho only one we possessed, mentioned that I'os de 
r aileron grossit k Pextremito, et forme sous la plume une petite masse ronde 
comme une baUe de mousquet.'' Now the existence of this ronde ” 

was proved by the bony knobs attached to several metacarpal bones e^diibited j 
and thus the veracity of Leguat was established on this point, as if had been 
on so many others. In conclusion, the author stated that at present we ki|0^ 
little more of the Didine Bird of the Island of Reunion than that it nearly 

white. In the course of last year Mr. Tegetmeier had shp^rp HP. 

* This was taken so young from the ovum that reporter if not Whediar 

long projecting rostrnni is a feature or not, as at this period it is general& xoid^ lUlder. 
t Voyage ©t Avantures de Fran9oi8 Leguat, &c. (Lonoros \ 170B. f vdsC Imne), vol. t f. 
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water-colour painting of a nearly white Dodo, which he was inclined to 
believe might represent this lost species ^ but he trusted that the French 
naturalists in that island would succeed in obtaining actual relics of it. 


Report on Observations of Luminous Meteors, 1866-67. By a Committee, 
consisting of James Glaisher, F.R.S., of the Royal Observatory, 
Greenwich, President of the Royal Microscopical and Meteoroto-- 
gical Societies, Robert P. Greg, F.G,S., E. W. Brayley, F.R.S., 
Alexanders. Herschel, and Charles Brooke, F,R,S,, 
Secretary to the Meteorological Society, 

The object of collecting observations of Luminous Meteors to serve as a basis 
of reference for calculations, and pointing out whatever conclusions may be 
drawn from them, is kept in view by the Committee, in presenting with this 
Report a continuation of the Catalogue of former years. 

The apparent places of the meteors are given either (most conveniently) by 
their right ascensions (a) and declinations (^, -f north, and — south), by the 
well-known method of their allineations with certain neighbouring stars, or 
(in some cases of, generally speaking, less accurate approximations) by their 
apparent azimuths and altitudes with respect to the visible horizon. 

A large proportion of the descriptions contained in the present Catalogue 
refer to great meteors recorded on the morning of the 14th of November, 
1866. A long list of meteors of a less striking description than those se- 
lected for entry in the Catalogue, noted on the same morning, was received 
by the Committee from observers, whose reports on the particular phenomena 
of the shower are noticed, with more or less detail, in the fourth Appendix 
of the Catalogue. 

The greatest multitude of the meteors on the morning of the 14th of No- 
vember made their appearance exactly during the hour from one to two 
o’clock A.M., which was the hour appointed beforehand by the Committee, 
with a view to secure the cooperation of observers, for making simultaneous 
observations of the shower. 

One meteor during the hour was simultaneously recorded at Sidmouth, at 
Cardiff, and at Stretton, Hereford ; and the length of the terminal portion of 
its phosphorescent streak, which remained visible for ten minutes, was found 
to be eighteen miles (Appendix I.). 

The heights of three other meteors of the November shower were satisfac- 
torily found. One, which left a remarkably persistent luminous streak over 
the town of Dundee, was from 51 to 57 miles above the earth’s surface. 

One meteor also, on the 10th of August last, was simultaneously observed 
at London and at Birmingham. This disappeared at a height of 76 miles 
above the neighbourhood of Bristol, 

The supposed region of the true radiant-point of many of the individual 
meteors in the Catalogue is indicated by the observers. Excellent means 
are thus afforded for distinguishing the obvious peculiarities of light and 
motion which characterize meteors from particular radiant-points. To assist 
observers in this inquiry, all the observations hitherto entered in the Cata- 
logue are mapped on a series of charts, the first four maps of which series 
are now lithographed, and 25 impressions are presented to the British Asso- 
ciation with this Report. 

The position of each radiant-point amongst the constellations is conspi- 
cuously entered upon the maps, with its annual dates of maximum, and dura- 
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tion ; and upon the sainy^ ^art the meteor-tracks proceeding from the parti- 
cular radiant-point are denoted by such plain signs as to indicate directly 
the particular radiant-point with which they are connected. 

In the case of the best-established star-showers, the meteor-tracks engraved 
upon the maps will generally be found to tell beforehand the course which 
meteors appearing at any part of the sky from one of those radiant-points 
will pursue across the sky, like wires stretched for the meteors to run upon 
(to use the words of one observer of the November shower last year). 

In other cases, where the position of the radiant-point is not yet so well 
established, its printed place must be regarded as provisional and as requiring 
further confirmation by observations to decide its real place. A copy of one 
of the first four maps exhibited, showing the radiant-point of the November 
meteors, as observed at the Eoyal Observatory, Greenwich, will be found in 
the fourth Appendix of the Catalogue. The three other plates refer to the 
special radiant-points in January, August, and October. The whole series 
be in readiness to distribute to observers this year before the reap- 
pearance, as anticipated, *of the great star-shower on the morning of the 
14th of November next. 

If the space of the Committee has been taxed to secure insertion in the 
Catalogue for the multitudinous observations of meteors of the 14th of No- 
vember last*, it is much more difficult to represent adequately more than 
twenty Prench, and about as many German descriptions of a large detonating 
fireball seen by daylight in the north of France on the 11th of June last, 
which the Committee have received. The luminous streak left by the meteor 
was visible, at many places, for more than an hour after the first appearance 
of the meteor, and exhibited unusual contortions. Its occurrence very near 
the date of the 9 th of June, marked last year by the prodigious stonefall of 
Knyahinya, and in the present year by the fall of three aerolites at Tadjera, 
in Algeria, is pointed out, in Appendix II. and III., as probably connecting 
these three extraordinary occurrences together in a single aerolitic period. 

At the end of the Eeport is placed an addition to the Catalogue of large 
meteors and aerolites, by Mr. R. P. Greg, in continuation of that printed in 
the volume of Reports for the year 1860 ; supplying the omissions, and 
bringing up the date of that Catalogue to the present time. It will, it is 
believed, be found a perfect repertory of this kind of meteoric occurrences^ 
for the possession of which the British Association will congratulate itself. 

Abstracts of a number of important papers on the subject of shower- 
meteors are deferred until a time when the maximum display of the Novem- 
ber star-shower will probably have been observed in America in November, 
1867, and the spectacle, in that case, will probably give rise to a new discussion 
on the subjects of which they treat. Some recent papers by M. Daubree, on 
the synthesis and classification of meteorites, will also then be reviewed. 

Approaching hours of daylight will probably deprive observers in the 
British Isles of all participation in the specially interesting display of the 
November meteors in the current year, although the stage of the gradual 
commencement of the shower will be better observed in England than in 
America. It was thus that the August meteors, this year, were nearly in- 
visible, from the hours of daylight appearmg in England ; but according to an 
American account contained in Appendix IV., they were visible there in 
countless nnntbers’^ soon aRer midnight, on the night of the 10th of August 
last. 

* The Greenwich observations of meteors'which hitherto have appeared in these Oata* 
log^s, will in future be printed in the volumes of the Greenwich Magnetical and Meteoro- 
logical Observations for their respective years. 

1867.^ ^ . . 
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A CATAlOOim Of OBBlBVAtlONS 


Of LUMINOUS METEORS. 


Date. 


1857. 
June j 


|Sept.22| 

1858 
lApr. 24| 


May 24 


Hour* 


h m 
9 15 p.m.| 
local time. 


6 10 *.m. 
local time.! 


8 10 p.m. 
local time. 


5 5 p.m 
local time.l 


Ibid. 


Sept. 3 4 10 e.m. 
' ' local time. 


, 1862., 

Apr. 25 8 20 p.m , 
' ‘ local time. 


1864. 
July 13| 


Wace of 
Observation. 


[Hobart Town, 
Van Diemen' 
Land. 


Ibid . 


Ibid . 


Ibid . 


i. Ibid . 


10 15 p.m. 
liiealtoe.| 


1865. 

JunelO 11 48 p.mJ 


10 

ib! 

19 

21 


11 55 p.iii*j 
1 17 a*m. 
|11 30 p.m.| 
10 55 p.m. 


Boston, Mass., 
D. S.A. 


Westott • super 
Mare. 


Ibidi 
Ibid. 
Ibid. 
Ilbid . 


Apparent Siee* 


Jupiter. 


ameter ; well de 
fined disk. 

Equal Mars in in 
tensity. 
about one 
diameter < 
moon. 

-‘V- 


15'. 


power. 


« lit mag.#..* 


•11 

lit ina(p#.i 

••3rd mag.» 


Brighter than 
Ist mag.a 


Colour. 

Duration* 

Positicn, or 
Altitude and 
Aaimuth. , 

IS Re4 colour 

About 2 sees... 

Between « and /8 
Capricomi. 

• 

. Faint white ... 

2 seconds ... 

From Mira (# Ceti) 
to jS Ceti. 

rPale white, 

- , inclining to 
• blue. 

4 seconds.,,. .. 

From 5 Canis Ma- 
jorls to « Hydri. 

.Pale white ... 

k 

h 

e 

7 seconds...... 

From e Sagittarii to 
p Scorpu. 

. White ...... 

2 seconds ... 

From j3 Canis Ma- 


4 seconds 

joris to y Eii- 
dani. 

From V Centauri to 



Kebula Major. 



Commenced near a 

1 


DelphinL Passed 
2® or 5® below a 
and $ Pegasi. 

White 

1 

1 second 

1 second 

1 seoond ,*«*•« 

1 second 

i 

1 #SS dss 

White 

Yellow 

s From 818"+ 47“ 
to 814 + 39 
From 78 + 85 
to 88+46 
FronS2t+ 13 
to 869 + 10 
FromSSO - 3 

Blue ......... 

Yellow 

1 second 

to 218 - 15 
From 230 + 28 
to 210 + 20 





|Appearance ; Train, if any,| 
and ItaDuration. 


Left no train 


Left a train 8^ in length. 


Left a train of yellowish] 
colour 4^^ in length. 


Left a train 3^ in length. 


[Left a long train of 60° 
sparks for ten minutes, 
which gradually con- 
tracted itself into an I 
oblong form from l'^ 
to 2° in diameter, 
and for a time ap- 
pewed to station itself 
a little to the west of 
y Crucis. 

|At first tailless, but . 
shortly afterwards left 
train 3° or 4° long 
which was cigar-shaped, 
apparently consisting 
of condensed partides, 
and remained vidble 3 
seconds; from « to 0 
Pegasi. • 


Length of 
Path. 


Stationary 

object. 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Train not visible, be* 
cause of the com* 
mencement of twi 
light perhaps. 

Seen by several persons] 


Twenty 4 five 
years' Meteo- 
rological Ob- 
servatiqns at 
HobartTown,' 
F. Abbott, 
p.l3. 

Id., p. 14. 


The meteor gave a bril-] 
liant illumination, 
much more incandes-l 
cent than that pro 
duced by the full! 
moon. 


Seen also at Hartford,] 
100 miles S.W. from 
Boston. 


Id. 


Id., p.l7. 


[Id. 


Sky clear ; full moon .* 


PrincipalRadiant durinin^ 
this month, "W. 


Observer. 


Id., p. 16. 


James Gardner, 
Am. Jour. Sci., 
2nd Ser., vol. 
xxviii. p. 295. 


W.H.Wo<ld. 

Id. 

10^ 

Id. 

Id. 


X 2 
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HEPORT— 1867. 


Date 

Hour. 

Place of 
Observation. 

Apparent Si*. 

Colour. 

Duration. 

1865 

h m 





June2 

11 0 p.n) 

. Weston - super 


Blue 

0*5 second ... 


Mare. 




21 

ill 0 p.tr 

L Ibid 

. ““3rd mag.# 

Blue 

0*5 second ... 

21 

12 0 p*n] 

i. Ibid 

= 2nd mag.# 

Blue 


2S 

! 0 45 a.in 

. Ibid 

Brighter than a 

White 

0*25 second ... 




1st mag.# 



22 

11 0 p.m 

.Ibid 

=alst mag.iiCcu 


0*75 second ... 

26 

11 30 p.m 

Ibid 

= lst mag.* 

White 

1 second 

27 

0 40 a.m. 

Ibid 

1st mag.#...^ 

White 

0*5 second •«. 

28 

12 0 p.m, 

Ibid 

a2nd mag.» t-.-, 

Blue 

0*75 second ... 

1866. 





Feb. 2 

10 50 p.m 

West Peckham, 

Very brilliant me- 

Bluish, chan- 

Scarcely a sec. 



Maidstone. 

teor. 

ging to red. 


Mar.l3 

10 39 p.m. 

Hawkhurst 

-1st mag.*, then 

White, then 

2*5 seconds ... ] 



(Kent). 

~ 2nd mag.# 

red. 


May 14 

9 55 p.m. 

Manchester 

= 1^ mag.*« 

Bright white... 

^ second ( 

July 22 

11 11 p.m. 

Hawkhurst 

=2nd mag.* ...... 

White 

1*5 sec. ; very 1 

(Kent). 



swift. 

22 

11 40 p.m. 

Ibid 

~2nd mag.# ....f. 

Yellow ......... 

1*3 sec. ; mo- 1 





derate speed. 

Aug. 6 

9 15 p.m. ] 

[bid 

nSrd mag.# ...... 

White 

0*5 second ... F 

S6pt.24] 

10 to 11 p.m. 1 

Sirmingham . . . • 








Position, or 
Altitude and 
Azimuth. 


From 260°+ 27* 
to 270 + 20 
From 260 + 27 
to 257 + 34 
From 218 + 30 
to 211 + 20 
From 317 + 70 
to 0+90 


From 70 + 60 
to 77 + 50 
From 218 + 28 
to 190 + 41 
From 346 + 23 
to 6+29 
From 32 + 48 
to 60 + 49 


horizon, a little] 
east of south. 


thirds of thewayj 
to z Virginis. 


rom i (0, Va)] 
Heroulis to 
Serpentis. 
rom /Pegasi t( 

(r. n) Cygni. 


Draconis. 
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Appearance; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction; noting also 
w*hether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 





W. H. Wood. 

Id. 

Id. 









Left an irregular phos- 
phorescent patch about 
14' diameter near the 
centre of its path, which 
remained visible 3 or 4 
seconds. 




Id. 

Id 








Id. 

Id 









* 

Id. 

Ernest Jones. 

It burst VTith very greatly 
increased brilliancy, but 
without any fragments, 
and disappeared. 

In the first half (a, b) 
of its course, bright 
white. Then dimi- 

nished, and changed 
to red, drawing a 
train of red sparks, 
and disappearing with 
a flash at c. 

Almost sta- 
tionary. 

Rather ascending, and 
then slightly falling. 

View in the south-east 
direction uninter- 

rupted ; no sound 
heard. 

Two meteors seen in 
20 minutes : clear 
sky; no moon; one 
observer, I 

1° 

Directed from Polaris... 

w a 16 a 8 Cuw 1 « 

R. P. Greg. 

A. S. Herschel. 

Left a streak on its whole 

30° 

Directed from Perseus... 


course for 1^ second. 




Left no train or sparks. 
Disappeared gradually. 

15° 

Last half of course de- 

Seven meteors in one 
hour : clear sky ; 
no moon; one ob- 
server. 

Id. 


cidedly serpentine. 

No train or sparks 



Six meteors seen in 
45 minutes : beauti- 
fully clear sky; nO 
moon ; one ob- 
server. 

Clear fine night. In 
one hour no me- 
teors seen. On the 
nights of the 25th 
and 26th sky oter- 
cast. 

Id, 

W. H. Wood, 



j 
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A CAT AZiOatTS 07 OBSBtt^AflOlfi Of ZifTMINOUS METSOES. JUff 


1866. 
lOct, 141 


14 


Date. 


15 


16 


19 


About3a.m. 


21 


24 


28 

28i 


Hour. 


h m 
7^8 p.m. 

9 3 p.m 


6 34 p.m, 


8 58 p.m. 


West Hendon, 
Sunderland. 


Hawkhurat 

(Kent). 


At sea, on the| 
passage be- 
tween Doverl 
and Holyhead. 


8 25 p.m. 
(local time), 


4 40 p.m. 


7 50 p.m. 
7 54 p.m. 


Place of 
Obsenration. 


Ibid,,., 


Ibid . 


Apparent Size. 


=2nd mag»» 


:2nd mag.# 


: Sirius Orange colour 


Colour. 


Yellow. 


Moved slowly 


'Rapid I. ....... 


Moved slowly 


=r2ndmag.# 


YeUpw 


5' or 6' in diameter.] 
Most brilliant. 


Violet, ap- 
proaching to| 
scarlet. 


{Hoboken, New 
Jersey, U. S. A.j 


Large fireball . 


The Curragb, 
Kildare, 
Ireland. 


York 
Ibid .. 


Duration. 


I second 


Bright green. 


{Much brighter than 
the planets. 


s3rd mag.« 
’Istmag.#.. 


Yellow 

lYellow 


i second . 
^ second , 


Position, or 
Altitude and 
Azimuth. 


Fell slowly 


iFrora near K to 
2° below 6 Pe-j 
gasi. 

Disappeared at aj 
point about m ^ 
180 ^^=+ 78 ^ 


[Went behind i 
cloud about 10' 
preceding o Bd-| 
Otis. 

|From r Cephei to ^ 
Draconis. 


Appeared at an alti> 
tudeofabout70®. 


{From near the] 
zenith ; moved 
towards the 
S.W. ; disap- 

pearing ovpri 
Jersey city. 


From about R. A.! 
335®, N. Deck 6°, 
to about R. A. 
358®, S.Decl.5®. 
Rough positions 
from a drawing. 


Near « Ursas M«-| 
joris. 

|From S Cygni to] 
Equuleus. 


AppearlmCi {Train, if any, 
lind its Duration. 


Brightest near the middle' 
of its path. 


Left a train for five! 
minutes by the watch,] 
which changed its form 
from a straight line] 
to two straight lines, i 
making an obtuse angle 
thus— 


and then resumed its] 
former rectilinear ap- 
pearance. Sparks were 
projected forward by 
the meteor towards the 
durection where it dis- 
appeared. 

Burst vrithout noise into 
a thousand brilliant 
green fragments, leav- 
ing a bright green 
train, which, like the 
head, broke into a per- 
fect rain of pmerald- 
green- coloured frag- 
ments. 

jLike a piece of lighted 
paper foiling. 


Length of 
Path. 


About 40°, 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


HorizonfoUy to the right 


|35® to the left of per-| 
pendicular; dovm. 


From S. to N. 


/ if 


Horizon. 


Two meteors seen in 
forty-five minutes : 
clear sky ; quarter- 
moon. 

Sufficiently brilliant to] 
illuminate the whole 
vessel. The attention’ 
of all on board of the] 
steamer was drawn to] 
it. 


RemOfts. 


Id. 

I 

Id. 

A. S. HerscheL 


|j. S. Davies. 

Communicated 

|byA.S.Her8chel.| 


A curious circumstance 
was its stationary 
appearance at first, 
and its rapidly in- 
creasing velocity 
afterwards ; the 
brilliant emerald 
colour of the me-| 
teor, and of the frag-j 
ments. 

Seen in twilight; two] 
stars only visible. 


Observor. 


Ernest Turner, 
* Scientific 
American,* 
Nov. 17th. 


Communicated 

byA.S.Her8chel. 


J. E. Clark. 

S. Thomlon. 
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Date. Hour. ^*’**”“* 



Position, or 
Altitude and 
Azimutli. 


1866J h 
lact.28 7 


m 

58 p.in. Ibid . 


1 p.ni- Ibid . 
6 p.m. Ibid . 


I 29 p.m. West Hendon, 
Sunderland. 

I 30 p.m. Chesham( Bucks) 


aslstmae.# ...Yellow 4 second ...... From duster in 

® Perseus to Great 

Nebula in An* 
dromeda. 

, =l 5 tmag.* Yellow 4 second From fi Aurigm to 

Pleiades. 

. =24 mag.* Yellow 4 second From y Cassiopeiss 

to X Persei. 

= 3rd mag.* Orange colour Disappeared near 

30 Aquarii. 

)iTelescopic Very red Momentary ... Crossed the Pleia- 

des west of Al- 
cyone. 

X 


Nov. 1 8 40 p.m. West Hendon, 
Sunderland, 

3 6 58 p.m. Primrose Hill ., 


>C- 
^ V 

=2nd mag.* Yellow Disappeared at 

«=220 , 2 = 
50°. 

. =4th mag.*, then Vivid blue .... 2 seconds «= 8= 

twice as bright From 63 + 50 

as If. to 1*6 + 6* 


3 10 16 p.m. Ibid . 


1 Twice as bright as Blue 


, Began 4° to left i 
m Aiietis. 


5 55 p.m. Ewhurst About three times . 

(Sussex). as bright as Ve- 


. 7 or 8 seconds, From near Venus 
motion un- to Ursa Miqor, 
usually slow, disappearing be- 

neath /3 of that 
constelJAtion. 
[Position of Ve- 
nus » ■> 262°*5, 
^=-28°.] 


6 6 30 p.m. York = 3rd mag.# Yellow 


6 6 59 p.m. Wimbledon Apparent diametef. 

(Surrey). and brightness 
of n. 


, 4 second From % Persei to fi 

Andromedse. 

,3 seconds in From 8® north- 
half its path. west of GapeUa 
to 4° north and 
4° west of • 
Ursas 


A CATALOGUE OF OBSEEVATIONS OP LUMINOUS METEORS. 



. 23° FromyLeonis .. J. E. Ciarka 


. 17° Four or five other me- id. 

teors seen with the 
above. 

. 4° Directed from e Pegasi !. x.W. Backhouse. 


Left no train 


. Darted across the field c. Grover- 
of view of the tele- 
scope like a red star 
of the 5th magnitude; 
very slightly woolly 
at the edges. 


, 20° to the left of per- , 
pendicular, down. 


• T.W. Backhouse. 


Left a long scarlet 40° or more From Radiant, ^ Persei.. 
streak on its whole 
course for 5 seconds, 
which became sepa- 
rated from the nucleus 
just before final disap- 
pearance. 

Ended with a brilliant 10° Directed from Aldeba- 

flash. Left a train on ran. 

the whole length of 
its path, which faded 
suddenly. 

From its slow motion, 

the eye could easily 
see a process of com- 
bustion like that of 
ignited iron wire in a 
nearly exhausted vessel 
of oxygen gas. 




The nucleus threw off a T. Crumplen. 
few sparks, and be- 
came quite detached 
from the train. 


- Imperfect view Id, 


Stm faintly visible, h, p. Hairiaon. 
Hazy vapour in the 
sky. There was no 
continuous train, but 
sparks were thrown 
off which died away 
immediately. Its 
more vivid phases 
are represented in the 
sketch. 


I J.E. Clark. 


Separated just before . 
vanishing into several 
heads. 


No detonation audible... F. C. Penrose. 
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»» »-■ oSaL “»• I "as* 


positiont 


AttitQUttll* 


© a M p.m. WUhwh (g^ra- Bright^rthanVenus Bright blue C^Stus. 

6 11 40 p.tn. Ibid ..^ !... Nearly as bright as Blue About 10 secs. Though Gexoini 

^ Venus. Taurus. 


OETening Garthagena, 
Columbia^ 
U. S.A» 


Like a ship's red Red 
light, as seen at 
a distance of 200 
Yards. 


. Floated away At a low altitude in 
steadily for N.W. by W. 

3 minutes. 


7 6 2 nm.York lit mag.# Bright orange J second Disappeared at a 

• ^ Coronas Bore- 

alis. 

7 8 30 p.m.Ibid *3rd mas:.* Yellow ^ second From ^ Aurigse to 

' ^ ” N.E. honzon. 

8 8 52 P-m. West Hendon, =3rd mag.* Rapid Passed dose to n 

Sunderland. - 

8 0 16 p.m.Ibid =2ndmag.* Disappeared at 

«is3277-t t osa-r- 
51°. 

9 3 41 a-m. Ibid =2nd mag.* PMaei midway 

between m and » 
Leonis. 

9 5 5 a.in. Glasgow 71 Orange yellow 2’2 seconds ... From g Lyncii to t 

(«, 13) Urs® Ma- 
jorii* 


9 5 8 a.m. Primrose Hill Twice as bright as Pale blue Swift motion.. •« 

(London). Capeiia. From 31 4- 62' 

to 8 “I* 48 

9 6 45 a.m. Glasgow =3rdmag.* White 0'4 second ...From (3 Leonis to 

2® over a Com® 
Berenicis* 

9 7 45 p.m.Iork =2ndmag.>ic Yellow i second From ij Auriga to 

^ Kochab. 

9 8 5 p.m. Ibid =2nd mag.* i second From Algol to the 

^ Pleiades. 

9 8 14 p.m .West Hendon, = 1st mag.# Passed betwwn i 

Sunderland. 


9 8 40 p.m 4 Qiesham(Bii^) Far surpassed Ve- Bluish white... 2 or 3 seoduds First appearad at 
nus at her bright- » 

eat. above and rather 

west of fj Dra- 
conis. 
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Appearance; Train, if any, Length of 
and its Duration. Path. 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Bemafki. 


Burst and fell in sparks * .M. 4 ...f*M. 

like liquid drops. 

The train brightened up Fully 25° Clear sky 

and ran back in this 
form— 


.S. H.Milkr. 


widening as it short- 
ened, and remaining 
several seconds. 

Like a parachute - light, 
thrown oflF from a 
rocket. Disappeared be- 
hind houses. 


, Descending towards the The sky was cloudy A. De G. de Fon- 
N.W. by W. and the night dark, blanque, * The 

but the light could Times,' Jan. 2, 
not have had any |867, 
artificial origin. | 


• S. Thomson. 


Gradually increased and. 
then gradually dimi- 
nished in brightness. 
Left a streak for two 
seconds. 


Left a ruddy orange- . 
coloured train for ten 
seconds. 

Left a streak for 2 seconds . 


. Directed from i (Pleia- T.W.Backhouse* 

des, 41 Arietis). 

. Directed fn>m p Dra- Id. 

conis. 

. Directed from y Leonis Three smaller meteors id. 

this night. 

, Directed from Taurus... Nine meteors seen in A. S. Hefschel. 

one hour ; two of 
them from Leo. A 
fourth part of the 
sky clear ; no moon ; 
one observer. 

.From Radiant, near y T. Crumplen. 

Leonis. 

. Directed from Leo Bright double au- A. S. Herschel. 

roral arch over 
north-west horizon 
on the previous 
evening. 

B. Clark. 


. T.W.iabkhou 


Left no train. It increased 15® 
in size aqd brightness, 
and vanished suddenly 
without bursting. 


, Fell straight downwards It paused three tilnes C. Grover. 

ih its deieeiri* U% 
up the ikjr with 4az- 
zHng brightness. 






KIPORT — 1867. 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 






Azimuth. 


1866. h m 

Nov. 910 15 p.m. West Hendon, At first small and Deep yellow... Rather slow... From near « Ce- 
Sunderland. faint, gradually phei towi^s « 

increasing to a Cephei, disap- 

1st mag.# pearing 1"^ or 2® 

before reaching 
* that star. 

91126 p.m. Primrose Hill, Three times as Pale orange .....From near ff Pe- 

London. bright as « Cygni. colour. easi to a point 

• forming an equi- 

lateral triangle 
with e and ? 

Cygni. 

10 5 10 a.m. Glasgow = 2nd mag.# White I second From j3 Geminonim 

to p Canis Mi- 

A . noris. 

10 5 35 a.m. Ibid =2nd mag.# White 1 second FromHGeminorum 

to y Orionis. 


11 5 46 p.m. West Hendon, = 2nd mag.# 
Sunderland. 


12 2 4 a.m. Primrose Hill, =2nd mag.# 
London. 


. Pale blue b*7 second 


. Centre of path at 
f (y Ursae Ma- 
joris, Cor Ca- 
roli). 

From 47°+ 54° 
to 34 + 50 


12 2 14 a.m. Ibid . 


=lst mag.# Vivid blue ... 0*5 second ... From 424+ 444 

to 14 + 30 


12 3 2 a.m. Glasgow = 2nd mag.* White 0*7 second #•. Commenced at ^ 

Urs® Majoris. 

12 3 5 a.m. Ibid =:lgt mag.* Yellow 0*9 second ... From m to f Urs» 

Majoris. 

12 5 20 a.m. Ibid =3rd mag.# Orange yellow 1*5 second ... From 9 Aurigse to4 

(ff Lyncis, Castor). 


12 10 25 p.m. West Hendon, =2nd mag.* Near 16 Draconis 

Sunderland. 

1211 16 p.m. Observatory, =3rdmag.# From 0to d Ursa 

Aberdeen* Majoris. 
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Appearance; Train, if any 
and its Duration. 

, Length of 
Path. 

Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer* 

Drew a tapering red tail 
2° or 3® long, vanishing 
with the head. 



One smaller meteor this 

T.W. Backhouse. 



evening. 

The head surrounded b} 
a large nebulous haze 
Threw off many sparks. 



Course slightly undula- 
ting. 


A • UUI^iCU* 

A. S. HerscheL 

Hazy nucleus; left no 
traih. 



Left no train 



Four meteors seen in 

Id. 

T.W. Backhouse. 



Directed from 6 Ursae 
Majoris. 

thirty minutes. Sky 
mostly clear. On 

the nights of the 
10th and 11th, sky 
cloudy with rain and 
wind. 




Left a short train ; took a 

8® 


Moved as if retarded in 

T. Crumplen. 

sudden turn after three- 
fourths of its course. 


From Radiant, in Leo. 

its flight; very cu- 
rious. 

Left a short bright train... 

Left a streak for 2 seconds 

Left no streak... tftitt ■ 

25® 

From Radiant, near y 

Well observed. Three 

Id. 

10° 

Leonis. 

Directed from fi Leonis. 

! meteors seen in one 
hour fifteen minutes. 
Two from Leo and 
one from Cassiopeia, 
at right angles to 
Milky Way. Morn- 
ing hazy. Stars rather 
dull. Overcast at 3** 
25®. 

Four meteors seen in 

A. S. Herschd. 


15 minutes: no moon; 
one observer. 

Sky generally clear but 
hazy. Afterwards 

overcaat. 

Two meteors seen in ) 

Id. 

Left no streak 



[d* 




fifteen minutes: sky 
hazy ; one - third 

clouded, then quite 
overcast. 

r.W. Backhouse. 




Another, 3rd magnitude, 1 
simultaneously with 
it firom ^ to 7 Ursae 
Majoris. 

D.GiU. 

• 



















puration. ; 

Fositioni or 

AppiMnt SiUh 

1 

Colour. 

Altitude ind 



Azimuth. 


1 1866. m 8 
Not*2211 63 pfin* Obtemtory* 
Aberdeen^ 


12 11 39 p.Bi. Ibid 
12 11 50 p. Tft . Ibid 



Pollux. • 
Mars. 8k 


121155 p.m. Ibid. caUt mag.# Passed across to 

XJrBBS Majoris, 
T^hich bisected 

13 12 27 43 Ibid =l8t mag.# Greenish yel- 2i seconds ... Crossed^ over a and 

low. y Tauri. 


1312 40 33 Ibid * asslstmag.* *.....1 H second ...From < Virginis, 

I to a point just 

under /3 Le- 
onis. 

13 1 6 13 Ibid =l8t mag.# From the upper 

part of Leo Ma- 
jor to « Gemino- 
nim. 

13 3 0 a.m. Giasiow «3rd mag.# Yellow 0*5 second ... Commenced at i 

d) Aurigse. 

13 3 2 a.m.IUd »3rdmag.* white 0-9 second ...Disappeared at r 

Lyncis. 


13 1 6 13 Ibid. 
a.m. 


18 8 67 p*ni« York 


c3rd maftf ...... Orange yellow i second i,,,,. From y Urste Ma- 
joris to I UrsBB 
Majoris. 


13 8 40 p4n. Ibid sSfid mag.# ......Red, 


, 1*5 second ... From Belpbinns to 

» Aquilas. 


13 9 30 p.m. Braeonditof Splendid meteor.. 
Norwich. 


A CATALOGUi: OF OBSlUtAl^lOlfi Of LUMINOUS MEfUOM. 



Direction ; noting also 
whether Horizontal* 
Perpendicular* or 

j 

R«marlMi« 

ObMtfWl ' 

Inclined. 




Left a train . 


Nebnloui appearance ; like . 
a dense train without a 
nncleiis. 


Froni 10^ to 11^ pstn* OiU. 
six meteors seen : 
clear sky ; five ob- 
servers. 

. From 11*^ to 12^ p.m. Id. 
twenty-four meteors 
seen : clear sky ; five 
observers. 

• The dotted line indi- Id. 
cates the direction 
and length of arc. 


Left a brilliant pale green • 
train. 


, Directed from Leo to- . 
wards a Urssc Ma- 
joris. 


Left a long train visible . 
during the time of the 
meteor’s flight. 


, From « to y Tauri From 12*' to !*» a.m. Id. 

fifteen meteors seen *• 
clear sky} five ob» 
servers. 

Id. 



A brilliant meteor^ leaving From 1^ to 1** 30® a.m. Id. 

a long train. seven meteors seen; 

clear skyi five ob- 
servers. 

No streak left 10° Directed from r Cancri. Two meteors seen in A. S. Herscbel. 

twenty minutes ; ope 
observer. 

Left a faint streak for half Course J of Directed from Castor . . . Sky one-third overcast. IiL 
a second. the way * The rest generally 

from Cas- clear but hazy { no 

tor. moon. 

20° Inclining 75° S. Thomson. 


liOft i short train which 12^°. 
lasted a quarter of a 
second) burst at last. 


\ 


. From nearly E. to W. ......••.U. Cromptpn* 
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Date. 

Hour. 

Place of 
Observation. 

1866. 
Nov.] 3 

h m s 

11 8 p.m. 

Primrose Hill, 
London. 

13 

11 15 p.m. 

Newcastle - on 
Tyne. 

13 

11 22 p.m. 

Haddenham, 

(Bucks). 

13 

11 23 p.m. 

Primrose Hill, 
London. 

13 

11 29 p.m. 

Birmingham . 

13 

11 30 p.m. 

Primrose Hill, 
London. 

13 

11 30 p.m. 

Hawkhurst 

(Kent). 

13 

11 30 30 
p.m. 

Primrose Hill, 
London. 

13 

11 37 38 
p.m. 

Observatory, 

Aberdeen. 

13 

11 45 p.m. 

Haddenham, 

(Bocks). 

13 

11 48 p.m. 

Primrose Hill, 
London. 

13 

11 59 p.m. ! 

Hawkhurst 

(Kent). 

14 

12 5 a.m. ! 

London 


Apparent Size. 


Colour. 

Duration. 

1 Pale blue ... 

1*5 second ... 

Pinkish 




Orange colour 







Same colour as 
Venus. 










Po&itioiii or 
Altitude and 
Azimuth. 


2x2 


Splendid meteor. 


equal Venus. 


of full moon. 


=• Sirius 
2X2 •• 


Brighter than Siriusj 


ter of full moon. 


Venus. 


As bright as Venus] 
at maximum. 


of full moon. 


Almost as bright as| 
Venus. 


Very large meteor. 


Prom i («, jS) Ge- 
minorum. Passed! 
between («, y) 
Ononis to /i Eri«| 
dani and 5° be-| 
yond. 

I Swept across Orion, 
disappearing near 
Cetus. 

Passed a littlel 
south of Rigel,] 
and became ex- 
tinguished atl 
an altitude ofj 
25®. 

From J Ononis 
to € Eridani, 
and onwards to- 
wards the ho-l 
rizon. 

From Musca to t; 
Ceti. 

From below 
Castor to 2® above 
Aldebaran. 

iThrough the zenithl 


Shot from Castor 
across the Plei- 
ades, and 5® be- 
yond. 

Passed 3*^ above 
the pointers (« 
and /3) Ursse 
Majoris, and pa- 
rallel with them. 


Shot from Marsl 
over the zenith. 

From«Aurig«to3‘ 
above fj Tauri, and! 
beyond. End not] 
seen. 

Passed near the 
Pole - star, and 
disappeared in 
Cassiopeia* 


A CATALOGtTE Of OBBEEVAtlONS Of liXTMINOlTS MBfEOUS. 


I Appearance j Train, if any,| 
and its Duration. 


Length of 
Path. 


Direction ; notiug also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


jLeft a superb streak of] 
scarlet about 50® long. 


Left behind it a long train 
of blue light. 


Left a long bright train . 


5fucleu8 egg-shaped. Left 
a fine train. 


Left a red train for 2 secs. 


Left a train at least 60® 


Left a ruddy streak 


|The nucleus suddenly! 
burst without noise, i 
and remained bus* 
pended like a nebu. 
lous cloud, visible for] 
some seconds. 


Left a long bright zenith. 


jTwo meteors exactly pur-| 
suing each other. 


jTrain like sparks ftom a| 
rocket-stick. 


T. Crumplen. 


Course due W. 


[Identical with the pre 
ceding; see Appendix! 

I-] 


Newcastle 
Chronicle,' 
Nov. 15th. 

|W. R. Dawes, 

* Monthly 
Notices,' 

VoL xxvii. p. 
46. 

It. Crumplen. 


Radiant, p. Leonis 


jW. H. Wood. 
It. Crumplen. 


[Probably identical] 
with the precedini^ 
or with the follow-] 

ing-] 

Well observed..., 


Communicated 

ig|byA.S.Herschcl. 


A biliary pair 


T. Crumplen. 


D. Gill. 


W. R. Dawes, 

‘ Notices,' 
Vol.xxvii.p,46.| 
It. Crumplen. 


Communicated 

lbyA.S.Hcr8Chel 


Another tolerably large 
' one about 12*» 45“ 
a.m., and a third very 
bright one about 
25® a,m., but not 
equal in size to the 
hrst, though perhaps 
equal in train. 


Evening Stand* 
ard,' Nov. 15. 


1807. 




m 


Date. 

Hour. 

Plape of 
Observation. 

Apparent Size^ 

Qolour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1866. 

h m s 


As bright as Venus 
at maximum. 



From a Uttlo south 
of Pyocyon to 
15® above Sii 

PiOV.14 

tn o atf 
a.m. 

tA^UucuufuUi 

Bucks. 









rius. 

14 

Li 

iz iu a.m. 

12 17 a.m. 

v/arivon xiiii v/u- 
servatory. 
Birmingham ... 

— 

White 

1*5 second ••• 

From « Leonls 





14 

12 28 a.m. 

Ibid 

-•H 

Pale green ••• 

2*5 seconds 

to 149°+ 8° 
Prom ISO'+sr 




to « Ursrn Ma^ 
joris. 

Just over Sirius ... 

14 

12 29 49 
a.m. 

Sidmouth 

(Devonshire). 

Much brighter than 
Sirius. 

White 

Momentary ... 


Li 

12 30 a.m- 

St. Andrews 
(Scotland). 

-2 



From the head of 

Li 

+ 

Three or four times 
as bright as Ju- 
piter. 

White ...... .j. 

1 second M**** 

Hydra to horizon. 

From # Honovum 
Frederici to fi 
PegaA 

io 90 



L£ Am OU 

a.m. 

Glasgow. 



14 

12 40 45 
a.m. 

Thid 

Two or three times 

White 

1 second 

Fromi(ii,y)Ur8m 
Maiorii to V Urtm 
Minoris. 


as bright as Ve- 
nus. 




A CATALOGUE OF OBSERVATIONS Of LUMINOUS METEORS. 


Direction ; noting also 
Appeiuronco: Train^if an^t Lengtiiof whether Horizontal^ 
<Ad ita Duration. Path. Perpendicular, or 

Inclined. 


Remarks* 


Observes 


Left a train for 12 minutes . 


Left a brilliant green train Directed from rj Leonis • 

for 3^ seconds. 


, W. R. Dawee, 

* Monthly No- 
tices/ vol. 
xxvii. p. 46. 

. C. P. Smyth. 

. W. H. Wood. 


Left a greenish streak 


The light of the star Stationary , 
was momentarily ex- 
tinguished by the me- 
teor’s brightness. Left 
no streak. 


H. S. He^edcmi. 


Left a thin bright . 
train. The first part, 
broken into pieces, 
quickly disappeared. 
The latter half, 8^ 
long, soon formed a 
wisp wide, con- 
cave to the south, 
which gradually col- 
lected itself into a 
knot 1° wide, and 
drifted south to « 
Andromedse, which it 
reached at 12** 37“, 
and soon afterwards 
disappeared. Total du- 
ration 5 minutes. 

Left a brilliant straight, 
streak upon its whole 
course. The first 
half became diffuse, 
collecting itself at the 
same time into a 
knot at ^ {d Ursse 
Majoris, X Draconis), 
brightening up as it 
did so, and then 
drifted slowly to i 
(«, /3) Vnm Migoris, 
where it disappeared 
at ltf» 42“ a.m. Total 
duration 8 minutes 15 
seconds. 

The latter half of 
the streak remained 
in a straight line, and 
10 faded m less than 
aoiecimdaf 


Directed from the ra- 
diant in the head of 
Leo. 


. G. Forbes. 

.A. S. Henchel 
and A* Mac-I 
gregor, | 
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A CATAIOGUE OF OBSERVATIONS OF LUMINOOS METEORS. 809 


Direction; noting also 
Appearance ; Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


Observer. 


Triple meteor, each 

equal to Venus. A 
part of the train got 
shorter and thicker, 
until it was of an oval 
shape. This part re- 
mained visible until 

1211 49m ^ ^ 

being visible through 
it. 

Left a ^ long train which An arc of Directed from Leo . 
remained luminous for 160°. 

30 seconds after the 
disappearance of the 
nucleus. 


[Identical with the pre- Forbes, 
ceding; see Appendix 


Left no train 


. Stationary 
object. 


. W. H. Wood. 


Left a train visible in the . 
telescope for 10 minutes. 


Left a train some mi- . 
nutes broad, and at hrst 
quite straight. A part 
of the train, 15° long, 
near the Pleiades and 
Aldebaran, remained 
visible after the ends 
had faded and assumed 
a serpentine form. 
After this it took 
the form of a small 
oval cloud, and 
moved from between 
» and Z Tauri to- 
wards 7 Ononis ; 
being visible as a 
faint cloud until 1^ 
20“ a.m. 

Left a streak which re- . 
mained visible for 2® 8*. 


Tlie train was first T. Crumplen and 
a band about 5' H. J. Wix. 

broad, and then be- 
came a circular patch 
shglitly elongated 
eastwards, which 
drifted about 5° to- 
wards the north-west 
horizon before it dis- 
appeared. 

The brightest meteor of A.and J. Thomp- 
the night. son. 


[Identical with the pre- H. Cooper Key. 
ceding.] 
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Date# 

Hour. 

Place of 
Observation. 

Apparent Siae. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 



A CATALOGUE OF OBSBftf ATlOITS OF liUMINOUS MBTBOBS. 
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Apt^aavmice sTrain, if any, 
ana ita Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observers 


iMBft ft ipletidl| bluish , 
tnlft which iibs very 
eotilpiCtiooi fbr six 
minutes, and remained 
visible for at least ten 
minutes. 


[Identical with the H. S. Heiftetiicm 
preceding; see Ap- 
pendix L] 


. S. to N. i obviously un- 
conformable to the 
Leo radiant. 


• F. C. Penrose. 


Left ft magnificent green . 
train. 


Left a bright streak, a . 
part of which remained 
visible as a fleeey cloud 
of faintly luminous 
light for several mi- 
nutes. 

Left a train plainly visible . 
for two minutes. 


. Moved nearly horizon- Illumined the whole C. Grovet* 
tally. north-east horizon. 

It partly disap- 
peared, and lighted 
up again, in its 
course. 

* Evening Stand- 
ard.' 


Left a bright streak ; at . 
first attached to ^ Ori- 
onis, but afterwards 
separating from it to a 
distance of one degree. 


Notices,' vol. 
xxvii. p. 45. 


Left a train which . 

was very conspi- 
cuous for three mi- 
nutes. 

Perfectly round ; like . 

a large red - hot shot 
at a great distance. 
Its brightness gra- 
dually faded after 
passing Orion, with- 
out any appear- 
ance of combus- 
tion, and it left no 
train. 

Disappeared with a . 
sudden flash ; nearly 
as bright as Venus; 
leaving a patch of 
green light ftt the 
spot for flfteen se- 
conds. 


, Towards S.W The meteor itself was F. C. Penrose. 

not seen, but it pro- 
duced a very sensible 
light. 

The streak remained R. Main, 

visible four or five * Monthly 

minutes, collecting Notices,' vol. 

itself into a ball xxvii. p. 45. 

of faint cometic ap- 
pearance, of about 
15^ in diameter, 
before it disap- 
peared. [Seen also 
at Haddenham, Bucks, 
by Mr. Dawes]. 

, E. to W H* S. Helnecken* 


, The attention of another W. R. Dawes, j 
observer was called to * Monthly • 

it, who saw it exactly Notices,' vol. 
the same. xxvii. 48. 


. A. S. Ilorschel 
and A. Macw 
gregor. 
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A CATAI.OGTTE OF OBBEBTAXIONS OF {.OHINOOS HEXEOBS. 


8 


Appearance ; Train, if any, 
and its Duration. 




ifLeft a train of steel- 
grey colour, iTvhich 
remained visible for 
nearly three minutes, 
although partially oh 
scured by fleecy] 
clouds. 


Left a bright train . 
Left a train 


Left a brilliant train 
Left a train 


Left a long luminous] 
streak which gra 
dually collected tol 
a nebulous cluster. 
The Ime and cluster 
moved 5® and re- 
mained visible four] 
minutes. 

Left a streak that was] 
visible three minutes,! 
and drifted slowlyi 
along in a south-west] 
current. 

Left a train (n), oi 
which the part from] 
m to P Arietis lasted 
fully six minutes by 
watch, and drifted gra> 
dually southwards (6), 
gathering together, and 
curving and turning as 
it went, so that another 
brilliant meteor (c), also 
conformable, crossed 
over it almost at right 
angles ; see figure. 


Length of 
Path. 


if Very long] 
path. 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Directed from Z Leonis. 


Directed from y Leonis. 
Horizontal 



Jrie9. 


Bemarks» 


Ohserrer* 


J. Browning. 


Possibly identical with 
the preceding, at Wis- 
beach, 10“ a.m. 


W.H.Wood. 

!ld. 

Id. 

S. H. MiUer. 
iT. P. Barkas. 


E. J. Lowe. 


I Communicated 
byA.S.Herschel.| 













A CATAtOOTTE OF OBSEBVA«tOtf|l Of liVHlNOUS HETEOBS 
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itBPOEi?~1867i 


Date* 


Hoar. 


Place of 
Obsenration. 


Apparent Size. 


Colour. 


Duration. 


Position, or 
Altitude and 
Azimuth. 


1866. 

|N0T.14j 


14 


h m 8 
2 40 ajn.| 


2 40 a.m.1 


[Carlton Hill 
Observatory. 


Newcastle-upon- 
Tyne. 


Large meteor 


Three times as] 
bright as Venus. 


14 


14 


2 41 a.m. 


jGlasgow Obser. 
vatory. 


2 40 58 


lObservatory, 

Aberdeen* 


Very large 


[One-fifth diameter! 
of full moon. 


iTheluminous streak! 
remained nearly 
stationary be< 
tween the * Poin- 
ters' inUrsaMa-l 
jor and Polaris. 

Passed from Leol 
north of » and /3| 
UrssB Majoris 
skirting Polaris, 
and became in- 
visible near AU 
deramin, « Ce* 
phei. 


Slow motion, 
and appa-| 
rently di-| 
minishing 
speed. 


Commenced be- 
tween Mars and 
Pollux, rather 
nearer to the 
latter. Disap- 
peared at 0 
Tauri. Fig. 1, 
appearance of 
the streak when 
first deposited. 
Fig. 2, mtto at 
2*» 43“ ami. 

Fig. 3, ditto atj 
2*^ 44® 3^ a.m. 


A CATALOGUE OF OBSBBVATIONS OP LUMINOUS METEOES. 


817 


Appearance; Train, if any, 
and its Duration. 


Left a train for ten ml 
nutes, which underwent! 
a series of changes of 
its form before it disap- 
peared. 

Left a train like molten 
silver several minutes in 
width and 15° in length, 
which gradually b< 
contorted, hke a skein j 
of silk when thrown 
upon a table, ui 


to Ursa Major, an( 
curved round /3 Cephei. 

Left a bright orange 
red light cloud ofj 
horseshoe form (fig. 1), 
extending from 5 Ca- 
num Venaticorum to 
near y, d Ursm Ma- 
joris. At 2*» 44“ a.m., 
the streak was heart- 
shaped (fig. 2), the apex 
at X Ursm Majoris. At 
2** 48“ a.m., one branch 
extended to ^ (^3, y), and 
the apex was at (p) 
Ursse Majoris (fig. 3). 
At 2*» 52“ a.m., the ex- 
tremity of one branch 
was at the ‘ Pointers ’ (. 
/3) ; the apex was at 
Ursm Majoris, and the 
other extremity was sta- 
tionary throughout the 
time at 5 Canum Vena- 
ticorum, until 2** 58“ 
a.m., when the light 
faded away and disap- 
peared. 

Left a luminous streakj 
which assumed succes- 
sive forms, as in the 
figure. 

E Castor. 

# Pollux. 


Length of 
Path. 

Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 



Cast the observer’s sha- 

C. P* Smyth. 



dow on the ground. 




T. P« Barkas. 

i 



A. S. Herschel 


(X • 

Ursa Major. 


and A. Mac- 
gregor. 



|The light of the meteor 
was more like sun*| 
light than any other. 
The brightest meteor 
of any seen on this 
night No report 
heard. (See Ap- 
pendix II.) 


D.6I1L 








A CATALOOUB OP OBSEE^^VIONi Of i4?MINOUS METEORS. 


Ap^raiie« ; Train, if any,{ 
and Its Oration. 


Length of 


Direction; noting also 
nirliether Horiiontal, 
Perpendienlw, or 
Inclined. 


Remari^a* 


CHlieryem 


LUft a train lasting 10 se- 
oonds alter disappear- 
ance of the meteor. 


W 


Inelined 


This meteor hwt 


ArtlinrH^iidiiifi 


[Left a bright short train 
which remained visible 
in the telescope for 
many minntei. 
iLeft a train which curled| 
up thus— 


eF 


[The train seen in the 
telescope appeared like 
a riband with mapy' 
bends. 

I The curved train re-| 
mpined visible for 
three minutes, and 
appeared like a dim 
nebula in the tele- 
scope. (See Appendix,) 


C. Penrose. 

8, H. Miner. 


E. J. Lowe. 


Its path appeared undula-| 
ting as in the sketch. 


Nearly horizontal, from 
left to right. Slightly 
unconformable in its] 
direction. 


F. C. Penrose. 


120 


Horizon. 


South. 


ILeft a train for 20 pecondsi 


Left a very brilliant andj 
rather persistent streak. 


iLeft a train which lasted 
1^ minute. 


Left a slight train ; moved 
in curves, seeming to 


From W. to E. Totally 
unconformable in path 
to the Leo Radiant. 


12® 


19 ® 


S. H. Miller. 


Unsteady flight 


F. C. Penrose. 




118. 


[Two other bright f i 0, Pwofe. 

teors appeared nearly 
at the same time^ 

ISeeu in broad dayl]||ht T* Qvumplan. 
and in sunshine. 


Inclined 


The light was so grait 
as to cause ob|^^ 
looking in an opposite 
direction to turn 
round. Seen also iH 
Glasgow. 


X 


IR. G. c. 

BardayiimdAJ 
j. Oroufteld, f 
North 

Nov. Ifth. 


J. E. Claidi^. 















EBPOKT— -1867 


Place nf Powtion, or 

Date. Hour. Observation Apparent Size. Colour. Duration. Altitude and 

* Azimuth. 

1866. h m 8 

Not. 14 8 8 p.m. York =3rdmag.* Yellow i second Prom y Andro- 

medse to » Ari- 
etis. 

14 8 ll p.m. Ibid =3rd mag.# Bright yellow } second Prom « to X 

Aurigse. 

14 8 11 30 Ibid =2nd mag.# Yellow ^ second From ^ Andro- 

p.m. medse to « Cas* 

siopeise. 

14 8 16 p.m. Ibid =3rd mag.# Yellow J second ...... From 16 Ccphei to 

xp Draconis. 

14 8 21 p.m. Ibid = 1st mag.* Yellow l:i second ...From y Cephei 

to 78 Andro- 
medse. 

14 8 26 p.m. Ibid =2J mag.# Reddish J second From y Andro- 

medsQ to « Ari- 
etis. 

14 8 28 p.m. Ibid =2nd mag.# Orange ^ second From t to y Ursae 

Minoris. 


20 4 0 a.m. Nashville, 
(local time.) Tennessee 
(U. S.A.). 


Appeared as large , 
as the sun. | 


. Rapid motion In the direction of 
Rome (Georgia). 


25 5 52 p.m. West Hendon =2nd mag.* 
(Sunderland). 


Near «e Lyras 


25 7 30 p.m. Birmingham ... =:3rd mag.# Orange 1 second 

From 42°+ 10° 
to a Ceti. 

25 7 41 p.m. Ibid *...=: 3rd mag.* Blue ......... 1*5 second ... From 5°+ 4° 

to 11 -25 

27 6 2 30 York =2/. Greenish 1 second From X Bodtis to 

P*™« fj Hcrculis. 


27 7 37 p.m. Ibid. 


=3rdmag.* ...... Yellow...,,..., i second 


• From /3 Cassiopeias 
to within 4° of 
jS Lacerta ; very 
near the zenith. 


271 f 57 p.m. Ibid =:l}mag.# ...... Yellow 


1 second , 


From « Cassiopeias 
to f Cygni. 


A CATALOGTTB OP OBSERVATIONS OP LUMINOUS METEORS. 
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Place of 
Observation. 




Position, or 

Date. 

Hour. 

Apparent Size. 

Colour. 

Duration. 

Altitude and 
Azimuth. 


1866. h m s 
Nov.27 8 35 p.m. York.. 


= 2^ YeUow 


.2 seconds ... From 9 to a little 
west of p Cygni. 


28 6 0 a.m. Ibid =2nd mag.* Yellow.. h second From within a few 

degrees of » Le- 
onis towards the 
south. 

28 8 55 p.m. Ibid = 2nd mag.* Yellow i second From Cygnus to- 

wards Aquila. 


28 9 0 p.m. Ibid =lstmag.* Yellow U second Same as the last ... 


30 6 49 p.m. West Hendon = 2nd mag.* Disappeared at ^ 

(Sunderland). (Castor, 0 Au- 

rigae). 

30 7 61 30 York =2ndmag.* Yellow... 1 sec., quick... From 3° W. of 

P*m. Alpharet to 3°E. 

of Algenib. 


30 8 14 15 Ibid =2^ mag.* Yellow 1 second From Mirfak to 

p.m. within 5° of the 

Pleiades. 

30 8 17 30 Ibid = 2nd mag.* Yellow 1 sec., rapid. .. From 10° E. of 

p.m. Mirfak to 3 An- 

dromedic. 


30 8 35 p.m. Ibid =2i:. 


. Light blue ... i sec., slow ... From 10° N. of « 

Cygni to S Del- 
phini. 


30 8 38 p.m.ribid =3pd mag,* Yellow 


, ^ second From K Aurig® to 

within 5° of the 
Pleiades. 


30 9 12 pjii.lbid. 
3010 2 pjnllbid. 


=3rd mag.* Yellowish.. 


Half as bright again , 
as Jupiter. 


. About ^ sec.... Seen near Ursi 
Major. 

. One-tenth of a Appeared in the 
second while W.N.W., 1 few 
in sight. degrees above 
the horizon. 
Disappeared be- 
hind a house- 
roof. 


A CATALOGUE OP OBlSi^tATl5Jfi d# LUMINOUS METEOBS. 



Length of 
Path. 

Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Bemarks. 

Observer. 

I 

1 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1866. 
Dec. 2 

3 

h m s 

7 30 to 

7 45 p.m. 
9 27 p.m. 

York 





Ibid 


Yellow ...... 

J second, very 
rapid. 

From 10® E. of, to 





2®W. of Algenib. 

4 

8 23 p.m. 

Ibid 

-rlst mag.ik ...... 

Very bright 
yellow. 

i second, very 
rapid. 

From 4° S. of /3 
to within 1° of 0 
Aurigas. 




4 

9 44 p.m. 

Ibid 

— .^rd tnag.^ ...... 

Blue 

^ sec., rapid... 

From « Equulei to 
within 3® of v 
Capricomi. 





5 

9 17 p.m. 

West Hendon 

— 2nd mag.# ...... 

White 

Slow ......... 

Disappeared at 

R. A. 11*» 40“ 
N. Decl. 61i°. 


(Sunderland). 




5 

9 58 30 

York 


Light yellow... 

^ sec., rapid... 

From « Aurigse to- 
wards the N. 


p.m. 



5 

10 10 p.m. 

9 21 30 

West Hendon 

=3rd mag.# 

Orange colour 

Yellow 

i 

Quick ......... 

Disappeared at 

1 

(Sunderland). 

York 

— 1^ mag.# 

1 second tt.tf- 

R. A. 13‘*36“,N. 
Decl. 62®. 

From 4® E. of m 


p.m. 





Aurigse to h Ursse 
Majoris. 

7 

10 4 p.m, 

5 6 p.m. 

West Hendon 

=2nd mag.9t( 



Disappeared at i 

8 

(Sunderland). 

York 

— Mars or 2/. ...... 

Red 

1^ second ... 

(^ Geminorum, 
to p Canis Mi- 
noris). 

From 10® to 40® 





below Polaris. 

8 

7 49 p.m. 

Ibid 

— 2nd mag.s: 

Yellow ...... 

1 second, slow 

• Bs fwm 




Prom 38°+ 55° 
to 73 + 58 

8 

8 0 10 1 

pbid 

— .^rd mag.Sc ...... 

Blue 

i sec., rapid... 

From 87°+ 45° 


p.m. 




to 105 + 43 


Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 




Sky clear ; a strict watch 
kept ; none seen. 

Appeared from behind 
a cloud whose edge 
it slightly illuminated. 

Path distinctly curved, 
as shown by the 
arrow. 

Left a very slight train ... 

Towards the end of its 
course it left a bright 
green train 2® long, and 
15' broad for about 1 sec. 

12® 

Nearly horizontal 

8® 

Directed at first from jS 
Aurigse. 

/ 

17 ° 



/ 

Pftrpeudinular 









Four other meteors seen 
during the evening. 

From 7^ 40“' to 7^^ 55“ ; 
on the morning of the 
7 th watched for me- 
teors, but none seen. 

Directed from ^ (j8, y) 
Ursse Minoris. 

Extremely bright meteor ; 
left a slight train. 

Left a short sparkling 
train. 

A few sparks were seen 
to fall from it when 
brightest. 

.ttr 

25® .. 


Directed from 5 Gemi- 
norum. 


Only a few stars visible 
in twilight. 

jn® 

Ursa Major. 

Directed from Cassiopeia 

\ 

From Cassiopeia 


in® 




/ 



Observer. 


J. E. Clark. 

|J. E. Clark and; 
A. C. Marriage. 

J. E. Clark. 


Id. 


T. H. Backhouse. 


J. E. Clark. 


T.W. Backhouse. 


A. C. Marriage 
and J. E. Clark. 


T.W. Backhouse. 


J. E. Clark. 


Id. 


Id. 






_ ^ TT Place of 

Date. Hour. observation. 


1866. h m 8 
Dec. 8 8 4 p.^n. 




Apparent Size. Colour. 


=2ndmag.^f Blue 


. ^ sec., rapid... «= S- 

From 18° 4-26 
to 12^4-38 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 



Position, or 
Altitude and 
Azimuth. 




Direction ; noting also 



Duration. 


Appearance ; Train, if any, 
and its Duration* 

Length of 
Path. 

whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

i'~* — — 

Observer. 


10° J.E. Clark. 


8 8 24 p.m. Ibid =2ndinag.# Yellow 


.i sec., rapid... from 25°4-63'^ 
to 336 4-58 


. From Cassiopeia .m* 


8 8 27 p.m.Ibid =lstmag.# Green 


. 4 second From 70°+ 664 

to 20 +98| 


. [The north declination Id. 
at disappearance is 
apparently in error.] 


8 8 28 30 Ibid . 
p.m. 


=2ndmag.^ Red 


4 sec., rapid... From 90°+60° 
to 105 4-40 


8 8 47 30 Ibid, 
p.rn. 


= 4- apparent dia-lRed 
meter of fulli 


. 1 second From 323°+ 70° 

to 245 +62^ 


8 9 4 p.m. Ibid -Istmag.* Yellow 


. 4 sec., rapid... From 348°+274° 
to 350 +12 


8 9 12 p.m. Ibid 3=3rdmag.« ...... Blue 


. sec., rapid... From 11° +16° 
to 10^+11 


Was not very bright, but 18° 
emitted sparks which 
disappeared with the 
nucleus ; the latter 
separated into small 
fragments at disappear- 
ance. 

Left a slight train 13° 


. Perpendicular from Cas- . 
siopeia. 


From Cassiopeia S. Thomson. 


From /3 Cassiopeia . 


. J. E. Clark and 
A. C. Marriage. 


. J. E. Clark. 


8 9 15 p.m. Ibid , 


Us Yellow 


1 second while From 3l0°+45° 
in sight. to 318 +30 


Left a bright green train 20° while in From Cassiopeia . 
during its whole course, sight. 


Came into view from-I* E. Clark and 
behind a house and A. C. Marriage, 
gradually disappeared. 


8 9 28 p.m. Birmingham 


s2nd mag.#, then Ruby - red, 

= Sirius. ' then orange- 
colour. 


From ^ Draconis to 
R.A. 290°, N. 
Deck 85°. 


8 9 35 p.m. Turk =!2ndmag.5ie Yellow 


.One-fifth sec., ««= 

very rapid. From 3° +32; 

to 11 +16; 


Left a train 25° in length Directed from rj Leonis Increased from a 2nd W. H. Wood. 

mag.# to larger than 
Sirius; drew a smoke- 
like tail which disap- 
peared with the me- 
teor. 


Extremely rapid, and 15° 
rather faint. 


From Cassiopeia . 


. J. E. Clark and 
C. Barclay. 





328 


ftEFORT— 1867 . 


A CATALOGUE OP OBSERVATIONS OP LUMINOUS METEORS 
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Date. Hour. 


Observation. 


Position, or 

Apparent Size. Colour. Duration. Altitude and 

Azimuth. 


Direction ; noting also 
Appearance ; Train, if any. Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


Observer. 


1866. h m 8 
Dec. 8 9 37 p.m. York 


= l8t mag.* Yellow 


. One*tenth sec. «=» 

while in sight. From 23° + 50° 
to 25 +47 


Left a slight train ,. 3°. From Cassiopeia L E. Clark. 


810 43 p.m. Birmingham ... =lstmag.* Ruby-red ... 1*5 second ... From 95°— 1° 

to y Canis Ma- 
joris. 

10 5 28 P.ID. York =3rd mag.» Bright yellow 1 second 

to 48 +48^ 

10 5 28 3 Ibid = 3rd mag. stars... Dull red 1 second From 313°+ 47 

p.m. 


10 5 42 30 Ibid . 
p.m. 


= lst mag.*,,.,...,. Yellow, 


. i second From 166° +63^° 

to 210J+65 


Left a train W. H. Wood. 


This meteor appeared 45° 
to consist of 5 meteors 
very close together ; 
so that a circle of 20' 
of diameter would have 
enclosed all of them. 

It moved in just the 
same path as the 
last. 

Left a slight train 12° 


. Crossed the zenith J, E. Clark. 


. Crossed the zenith , 


Directed from Castor . 


10 6 49 p.m. Ibid . 


= one-eighth dia-.Pale yellow ... second From 7° +33° 

meter of full to 5+20 


. A. C. Marriage. 


10 7 1 p.m. Ibid . 


= V- Bright yellow sec., very From 115°+33° 

slow, to 142 +73 


Left a green train for 40° 
1 second. 


. Directed from Castor... Moved in a curve J. E. Clark and 

A. C. Marriage. 


10 7 10 p.m. Ibid —Istmag.* Yellow | second . 


From 54°-f20° 
to 38 +12 


Left a slight train which 12° 
disappeared with the 
meteor. 


From the Pleiades J. E. Clark. 


10 8 41 p.m. Ibid 1st mag.* Yellowish ...U second, 


From 72°+46° 
to 54 +50 


. 8 ° From Castor Clouded view 


10 9 20 p.m. Ibid.... «3rdmag.* Yellow 


. One - tenth From 26°+62J° 

second; to 32+61 
almost in- 
stantaneous. 


From Cassiopeia •...lA. C. Marriage. 










B^POBT — 1867. 


6^ 


Date. 

Pour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

1866. 
Dec. 10 

h m s 

9 2Q is 
p.m. 

York 

= 3rd mag.* 

Yellow 

Same as the 
last. 

01SS d== 

From 26'’4'62i‘* 
to 32 4-61 

10 

9 p.m. 

Ibid 

=3rd mag.* 

Yellow 

One - eighth 
second ; 
moderate 
speed. 

rrom 32'’+61® 
to 45 +53 

10 

11 25 p.m. 

Ibid 

-2 

Bluish white... 

1 second, very 

From lI2'’+32° 





slow. 

to 114 +35 

10 

11 37 p.m. 

Ibid 

= lst mag.* 

White 

1 second, slow 

From 14l°+24'’ 






to 150 +42i 

11 

12 48 a.m. 

Ibid 

— 3rd mag.* 

Yellow 

1 second 

From 131°- 3° 
to 121 -19 

11 

5 48 p.m. 

Ibid 

-? 

Yellow 

1.4 sec., very 
slow. i 

1 

From 340^4-33° 
to 325 4-30 

11 

6 27 p.m. 

Ibid 

» 1st mag.* ...... 

Yellow 

1 

One - eighth 
sec., rapid. 

From 45° 4-65° 
to 46^ 4-47 

11 

7 2 p.m. 

Ibid 

-21 

Yellowish 

1 second, slow 

From 45° 4- 20° 
to 38 4“ 6 

11 

7 14 p.m. 

Ibid 

=2nd mag.* 

Y^ow 

i sec., rapid... 

From 105° 4-60° 
to 322 4-70J^ 

11 

7 29 p.m. 

Ibid 

slst mag.*.. 


1 second 

From 332° 4-33° 
to 333i 4-11 


A CATALOOTTE OF OBSBBT4.CIQN8 QB ^TTMINOTTS MBTEOBS. 


Direction ; noting also 

Appearance; Train, if any, Length of whether Horizontal, _ 

and its Duration. Pa|;h. Perpendicular, ot* Remarks. 

Inclined. 


Observer. 


• 3° Fro® Cassiopeia A. C. Mania*e. 




. Fifteen meteors seen T. H. Waller, 
between 11 and 12 
o’clock, mostly radi- 
ating from Castor. 


• D. Marriage. 


Drew a red tail at the end 13° 
I of its course, which dis- 
I appeared with it. 


. J. E. Clark. 




Very misty sky withJ. E. Clark am 
cirri, which it illumi- A. J. Crossfield 
uated to the breadth 
of 2° or 3°. 


Left a slight train 30° A. J. Cron^eld. 


Left a slight train J. f. qiai%. 
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Date. 


1866. 

Dec.l2j 


12 


h m 8 
Morning 


5 41 p.m. 


12 


12 


12 


12 


12 

12 

12 


12 

12 


12 


Hour. 


Kisbnaghur, 

India. 


7 29 30 
p.m. 


7 33 p.m, 


7 38 p.m. 


7 42 p.m. 


7 47 p.m, 

7 48 p.m. 

8 4 p.m 


8 5 p.m. 
8 10 p.m. 


8 10 p.m. 


Ibid. 


Place of 
Observation. 


York 


Ibid. 


Ibid. 


Ibid. 


Ibid . 

Ibid. 

Ibid. 


Ilbid . 
Ibid. 


Ibid. 


Apparent Size. 


Bright meteor.. 

= l8t mag.#.... 


= 2nd mag.# 


— Ist mag.*.. 


—3rd mag.# 


=3rd mag.* 


=:l8tmag.*., 


2xCapella .. 
3rd mag.# 


=iMars 

slat mag.#. 


s3rd mag.# 


Colour. 

Duration. 



Yellow 

i second, very 
rapid. 

White 

i sec., quick 
motion. 

White 

J sec., slow... 

Light yellow... 

J sec., rapid... 

YeUow 

i sec., rapid... 

White 

^ second 

White 

^ second ...... 

YeUow 

1 second, slow 

Blue 

1^ second ... 

, Yellow 

1 second ..»••• 

. Reddish 

i second 


Position, or 
Altitude and 
Azimuth. 


from « Hydrse 
to Q UrssB Ma-| 
joris. 

«8S: 5 ss 

From 17°4-4r 
to 30 +26 


to 8 +30 


From 98 +48® 
to 87 +50 


From 240°+67® 
to 250 +45 


From 210°+65® 
to 240 +27 


From 98®+25® 
to 112 +32 

From 79®+ 28® 
to 65 +18^ 
From 132®+40i“ 
to 163 +47i 


From 20®+88® 
to 318 +62 
From 309® +44® 
to 300 +15 


From 76® +28® 
to 67 +16 


A CATALOGUE OF OBSEEYATIONS OF LUMINOUS METEORS. 


833 


Appearance; Train, if any, 
and its Duration. 


Length of 
Path. 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 


Left a long train, 


S. to N.; quite across 
the principal radiant 
region for the night. 


See Appendix IV., 3 


W. Masters. 


Left a red train 


12 ° 



J. E. Clark. 



18® 


40® 



Two minutes later two 
meteors, 3rd magni- 
tude, from Cassiopeia 
towards Capella. (A. 
C. M.) 


A. K. Brown. 


J. E. Clark. 


A. J. Crossfield. 


J. E. Clark and 
A. J. Crossfield. 


7®.. 

11 ® 

12 ® 



Five others in five mi- 
nutes about the same 
time. 

Two other meteors 
nearly at the same time. 
Two other meteors at 
about the same time. 


Id. 


T. H. Waller and 
A. C. Marriage. 
Id. 


Left a bright green train 
for a short time. 

Left a slight train 


15® 

30° 


10 ® 


Inclined 


Directed from Castor ... 


Grew gradually fainter. 


Id. 

J. E. Clark. 





This and the last were 
seen at the same mo- 
ment. 


A. J. Grossfield. 








A CATALOGUE OF OBSEBf ATtONS OF LUMINOUS METEORS, 




j Direction ; noting also 

Aj darance ; Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


Observef. 


ft a sligh 
middle of 


slight train in the lO^’ W. Malone and 


its course. 


A, K. Brown. 


i the first half of its Path slightly curbed S. S. Clark. 

I course equal 4th mag- 


nitude star, then sud- 
denly brightened up 
and disappeared sud- 
denly. 




li® while in Almost perpendicular R. G. Barday. 

sight. 


10° Perpendicular. 


Drew a yellowish tail, 114° R.G. Barclay and] 

which disappeared with A. C. Marriage. 


10° L R.G. Barclay. 




Left a slight train 9° 


17° Although large in appa- J. E. Clark# 

rent size, it gave very 
little light. 

Looking nebulous 4° ^ G. Barday. 






, Seen through prettyll. B. Claik. 
dense clouds. 


. Sky clouded ; at 10.30, W. H. Wood, 
clearing; at 10.00, half 
cloudy. 
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O^emtton. Apparent Size. Colour. Duration. Altitude and 1 

Azimuth. | 


Position, or 


1866. h 
Dec.l2 10 


I m 8 i 

54 p.m. Birmingham ... ==lst mag.^: Blue 0*5 second ...Commenced at 

ass ^ t= 

105*^ —3° 

) 56 p.m. Ibid Brighter than 1st White 0*5 second ... Commenced at 

mag.*. ass 

, 314° 4-48° 

L 42 p.m. Ibid Sirius White 0*5 second ... From 

97° 4-70° 

. Polaris. 

' ® ^ Ibid Brighter than 1st White 0*25 second... Commenced at 

a.in. mag.*. a— 

122° 4-61° 

24 a.m. Ibid Brighter than 1st Orange 1*5 second ...Commenced at y 

^ , “ag.* Orionis. 

19 p.m. York —3rd mag.* White J sec., rapid... «= 

From 13° +58° 
to 40 +45 


13 5 44 30 Ibid . 
p.m. 


=3rd mag.* White 


. J second From 210° + 75° 

to 200 +70 


13 7 2 p.m. Ibid... =l8t mag,*.... Wliite 


. 1 second From 288° +67° 

to 287 +38 


13 7 8 p.m. Near York =lstmag.*., 


. i sec., rapid... From a point to the 
eastward of the 
moon to a point 
near the moon. 


13 7 43 30 Ibid , 
p.m. 


, =2nd mag.* 


. k second 


From 290° + 73° 
to 300 +52 


13 7 59 p.m. Ibid = 3rd mag.* White 


. i second From 73° +41° 

to 84°+37 


13 8 9 p.m. Ibid =2nd mag.# White 1 second From 165° +63° 

to 240 +59 

13 8 13 30 Ibid = 2nd mag.# W’^hite J second From 60°+40° 

to 50 +47 



1 « 07 . 
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839 


Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 


Appearance 1 Train, any, 
and its Duration. 

Length of 
Path. 

Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 

1866. 
Dec. 13 

h m 

6 18 p.m 

8 23 p.m 

8 35 p.tu 

York 


White ......... 





fio. 



F* Biwley. 

A. K- RrOwn- 

13 

Ibid 

»«2nd mag.iK ...... 

Yellow < 

^ sec., rapid... 

^ second 

From 87^+40'* 
to 74 +42 
From l35°+48° 
to 135 +45 
From 207°+65® 
to 67 +55 



2° 



13 

Ibid 

*=24 mag.# 

White 


Left a slight train 

8° 



J. 'Em Clark. 










13 

9 30 to 

Birmingham ... 








^ 

Clear fine night. Ko 

meteors seen in 

twenty minutes. 

Fine display of 

Aurora Borealis with 
streamers, in the 

N.N.W. 

W. H, Wood. 

13 

9 50 p.m. 

11 45 p.m. 

Ibid 

— 2 lid mag.# 

Nucleus dark.. 

1*5 second ... 

From 119°+27° 
to a Canis Mi- 
noris. 


Nucleus apparently non- 
luminous, but seen in 
relief. 


Described two equal 
curves or undulations : 
see drawing. 

\ 

Id. 








14 

11 55 p.m. 

G 80 p.m. 

Alderley Edge, 
Cheshire. 

Brest, France ... 

Very large ......... 

Rainbow 


Commenced within 
4° or 5° of Po- 
laris. 

Disappeared in the 
constellation Lyi a. 


At first a speck of 
light. Gradually grew 

1 larger, drawing a fan- 
shaped tail of sparks 
Burst at maximum 
brightness. 

Burst with a flash at dis- 
appearance. 


Xi 

Shot at an angle of 45° 
across the sky. 

A.r«5° 45' 
ay = 1 30 

Followed by a loud de- 
tonation. Illuminated 
the district for miles 
round. Seen also at 
Rusholmc. 

S. Lavey and W. 
W. Chambers. 

* Manchester 
Courier.^ 

M. Kumarec, Les 

15 

Large fireball 

colours. 

About 2 secs... 








riom o.li. lO IN.M 


Mondes, 2nd 
Ser., vol. xiii 
p. 23. 

A. K. Brown and 

16 

5 23 p.m. 

York 

= lst mag.* 

Yellow 

i sec., rapid... 




4 ^ 


Two similar meteors 
near the same place 
and nearly simulta- 
neous. 





From 296°+ 8° 
to 299 + 4 




/ 

J. E. Clark. 

16 

5 26 p.m. 

Ibid 

— 1st mag.# 

Yellow 

I second 

From 300°+80° 
to 330 +60 



20° , 


V similar one near to it 
ten seconds before. 

Id. 









\ 

19 

C 27 p.m. 

Ibid 

= 2ndmag.# ...... 

Yellow 

J second 

From 152°+13° 
to 140 + 0 


Left a train for 2 seconds.. 

10° ...... 



Id. 








J 


19 

C 30 p.m. 

Ibid 

= 2nd mag.* 

Yellow 

i second ...... 

From 185® -15° 






Id. 





to 175 -11 




» 




'2 A 2 



34 ^ 
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Position, or 

Apparent Size. Colour. Duration. Altitude and 

Azimuth. 


1866. h m 

Dec. 19 6 30 p.m. Street 

(Somerset). 


. 2 seconds 


I ttsss Sts 

From 5 +60° 
to 0 -10 


19 6 48 p.m York 


Yellow i second ...... From 151°+ 14° 

to 149 +10 


22 6 30 a.m. Falmouth == 2iid mag.» Reddish 3 seconds 

yellow. 

23 7 14 p.m. West Hendon, As bright as Venus Pale yellow ... 1 second .. 

Sunderland. at its brightest. 


... From 200°-10° 
to 220 -16 
... Passed above a 
Arietis ; disap- 
pearing about 
midway between 
a Arietis and y 
Pegasi. 


24 7 27 p m. Ibid . 


= 2nd mag.* Orange ....Disappeared at J 

(Sf K) Draconis. 


28 5 48 p.m. Street 

(Somerset). 

29 7 57 p.m. West Hendon, 

Sunderland. 


= lst mag.*. 


=3rd mag.* 


i sec., slow ... «= i— 

From 290°+50° 
to 278 +70 

Appeared near x 

Cygni. 


29 8 15 p.m. Street 

(Somerset). 

29 9 30 p.m. Birmingham .. 
31 8 30 p.m. Ibid 


= 1st mag.* Green 1 second S— 

From 30°+44° 
to 51 +63 

«2nd mag.* Pale blue 1‘5 second ... From 51° + 7° 


= 2nd mag * 


White I second 


to 44 — 5 
From 20°+63° 
to 352 +60 


31 8 31 p.m. Ibid =3rdmag.* White 


, 5 seconds From 110°+33° 

to 101 +36 


31 9 15 p.m. Cheshire =3rd mag.* ...... Reddish 0*5 second ... From 9 Cams Ma- 

^ joris, halfway to 

oi n nn Procyon. 

y 20 p.m. Ibid = 3rd mag.* Reddish From k Orionis 

jggy to y Gemino- 

Jan. 2 Prom 1 1 to Ibid = 3rd mag.* Reddish From 3 to a Arietis 

II 45 p.m. ' 
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Direction ; noting also 
Appearance ; Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


Observer* 
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Date, 

Hour. 

Place of 
Obsenration. 

Apparent Size. 

Colour. 

Duration. 

position, or 
Altitude and 
Azimuth. 

1867. 
Jan, S 

h m 

From 11 to 

Cheshire 

=2nd mag.^ ...... 


0*8 second 

From Procyon to X 
Cancri. 

From 25 Monoce<» 
rotis to S Cancri, 

From a Andromedes 
to K Honorura. 

From h Ursm Ma* 
joria to e UrsoD 
M^joria, and 

rather further. 

2 

11 45 p.m 

Ibid 

— 3rd mag.# 


2 


Ibid 

=2nd mag.# ,,,*•• 


0*5 second 

0*75 second 

2 



Ibid 

3rd mag.# 


2 


Ibid 

— 3rd mag.* ...... 








num Venatico- 
rum to i ({, y) 
Ursse Majoris. 

3 

About 5 45 

Street 

“Ut mag.# 

Red 

1 second 

Near the southern 
horizon. 


p.m. 

(Somerset). 




3 

About 5 50 

Ibid 

=lat mag.#.,,,,,... 


1 second ...... 

From Capella to p 
Tauri. 


p.m. 

• 



3 

About 8 0 

Ibid 

=2nd mag.# 

White 

I uni. An <1 

In the S.E 


p.m. 





3 

8 2 p.m. 

Ibid 

I 

=2nd mag.# 

=2nd mag.* 

Whitp 

4- Reonnri 

Near the zenith .. 

From 150®+65° 
to 108 4-26 

16 

7 25 a,m. 

Falmouth 

yellow 

1 second, very 
rapid. 

24 

8 46 p.m. ' 

West Hendon, 

=2od mag.)|c 

Orange colour 


Disappeared at { 
(o, a) Pisciuro. 



Sunderland. 



24 

8 52 p,m. ] 

[bid 

=2nd mag.# 

Deep orange 
colour. 

Whtit* 


Disappeared at 
R.A. la*' 40« N. 
Decl. 37°. 

30 

7 45 p.m ’ 

fork 

= l8t mag.* 

1 1 second .. 





From 20°4-60° 
to 40 4-40 


Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined, 

Remarks. 

Observer, 



From Radiant K, 

From RadifTit fC 3 


R. P, Greg, 

Id. 






From Radiant 


Id. 





Id. 



From Radiant Kg ...... 

The display on this 
night very inferior 
to that of the 2nd 
of January 1863, 
from 11** p.m, to 1** 
30“ a.m. 

Id, 


Ift® 


J. E. Clark. 


ifi® 

/ 


Id. 







10° 


Two almost simulta- 

Id. 




neous. 



4° 


From 8.30 to 8.45 p.m., 

J. E. Clark and 



/ 

eight meteors seen 
at Bridport. 

T, Stevens. 


40® ... .. . 



B. Barclay, 


12® .... .... 

From the Pleiades 


T.W. Backhouse. 





Id. 

1 .aA' 




A, K, Brown. 


AW ......... 

/ 
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Colour. 

Duration. 




Position, or 
Altitude and 
Azimuth. 
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345 


Appearance j Train, if any, Length of 
and its Duration. Path. 


Direction; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Remarks. 


Observer. 
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Date. H 


1867. h m s 


6 7 48 p.m. Ibid == $ 


24 7 43 p.m. Ibid =Siriu8 


24 8 14 p.m. Ibid . 


26 8 12 p.m. York 


27 8 14 SO Ibid . 
p.m. 


Apparent Size. 

Colour. 

Duration. 

Position, or 
Altitude and 
Azimuth. 

Brighter than Ve- 
nus. 

Bluish 

1 sec., very 
quick. 

Not far above the 
horizon. 

=2nd mag.# 

Bright blue ... 

0*5 second ... 

Usa 

From 60° -3’ 
to 61 —8 

=? 

Red 

secs., very 
slow. 

From 44°+ 3*° 
to 40—10 

= Sirius 

Red 

2 seconds ... 

From 230° +56° 
to 130 +60 

=:2nd mag.# 

Yellow 

0-7 sec., slow.. 

From 200°+45° 
to 205 +42 

= 2nd mag.* 

White 

1 sec., slow 
motion. 

From 230° +56° 
to 290 +65 

--2nd mag.* 

Orange yellow 

1 

2*7 seconds ... 

From S Urs«e Ma 
joris to m Cna 
todis. 

= l8t mag.# 

Red 

2 seconds ... 

«— 3= 

From 145°+26i° 
to 176 +29 

=3rd mag.# 

White 

0*2 sec., very 
rapid. 

From 263°+45° 
to 256 +44 

. srlst mag.# 

White 

1 sec., rather 
slow. 

From 110°+ 9° 
to 114 -14 

— 1st mag.* 

Yellow 

0*4 second ... 

From 121°+24® 
to 125 +20 



Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 

1 whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer. 


Broke very distinctly into 45° J. Clarke, 

several small pieces, Communicated 

ivhen it disappeared. / byA.S.Herschel. 


horizon, 

• 5° From Aldebaran Fine clear night; stars J. E. Clark. 

extremely bright. 


Drew a tail of red sparks 15 ° At first equal 1st mag.#, Id. 

1° loner. . then brii?htened iin 


then brightened up 
to its full size. 


Left a blue train gradually 40 ° From N.E. to zenith ... Faded gradually J. E. Clark and 

fading along its whole p, Bewley. 

length together. 


. F. Bewley. 


Left no train or sparks Directed from d Vir A. S. Hcrschcl. 

ginis. 

Left a red train 2^° long.. 22° F. Bewley. 


. 4° J. E. Claric. 


. A. C. Marriage, 


. 4°... J. E. Clark. 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

1867. 

h m s 




Mar.31 

9 14 30 

York 

. =3rd mag.» 

White 


p.m. 




31 

9 15 p.m 

Ibid 

— .3rd mag.* 

YeUow .... 

Apr. 2 

10 0 p.m 

Ibid 


Red 

28 

9 27 p.m. 

Ibid 



29 

10 80 to 

Prestwicb, Man- 

= lst mag.s: 

White 


11 45 p.m. 

Chester. 



29 


Ibid 



29 


Ibid 



29 


Ibid 

— UlfU 

= 4tb maor sk 

±yUll WlJlIiU .. ^ 

Dull white 1 

29 


Ibid 

=:3rd niag 

L/Ull VVllllC .. J 

Dull nhitp f 

30 

10 10 p.m. 

Ibid 

=3*5 mag.* . . , , 

JL-rUiL W ilil/C ... VI 

Dull white r 

May 1 

11 18 p.m. 

Ibid 

— 1st mag.«. 

White ,, d 

1 

11 40 p.m. 

Ibid 

=2nd mag.* 

White . , -T 0 

1 

11 35 p.m.: 

Ibid 

=6th mag.t 

n 

1 

1 1 30 p.m. : 

Ibid 

=;!trd milnr d. 

fi 

1 

11 46 p.m. 1 

Ibid 

=2-^' diameter ... 

Bluish green... 0 

1 

11 to 12 p.m. ] 

Ibid 

= .3rd mag.^ 

Dull white -1 

1 

Ibid 

= l8t mAg.« 

A/iiJJl TV i&itw y 

1 

12 20 a.m. | 

[bid 

=2nd mag.* ,, 

White ^ 

Bluish white... 0 

5 

10 12 p.m.] 

Ibid 

= 1^ mag.« . . 

Vivid white ... 1 

5 

10 24 p.in.] 

[bid : 

=3rd mag.i^ ] 

[leddish white ^ 


Duration. 


0‘2 sec., rapid 


0*2 sec., rapid 


exticnicly 

slow. 


rapid. 


Position, or 
Altitude and 
Azimuth. 


From 123° +9° 
to 124 +7 


From 125° -3° 
to 125 -5 


From 153° -10° 
to 141 -14 


From 108°4’15° 
to 1C4 +14 


Zenith . 


I 


From i Ursae Maj. 

I to a Telescopium. 
iTo i (a, /3 Gemin.), 

I halfw’ay from /| 
Cancri. 

From $ Virginis to| 
I \ Leonis. 

From 9 Leonis to] 
c Leonis. 

From r) Herculis to| 
H Bootis. 

At sr Virginis ... 


second 


IFrom y Herculis to 
a: Dootis. 

From 9 Leonis to 
48 Leonis. 

\i (•» tt) Virginis to 
I Leonis. 

Commenced at ^ 
(tt Leonis./ Sex- 
tantis). 

Disappeared at tt 
Herculis. 

Disappeared at 110 
Virginis. 

0 Coronm 

From g Leonis 
Minoris to tt 
Cancri. 

j Disappeared at p 
Geminorum. I 


A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 


B4& 


Appearance ; Train, if any, 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer, 


2° 



J. E. Clark. 

Id. 

Id. 

Id. 

R. P. Greg. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 

Id. 


2° ... ,... 

/ 


Left a slight train 


i 

Brightened and faded 
away several times. 


4° 

\ 

Like a flash of rather dif- 
fused light. 

No train 

2° 

. \ 

Radiant ^I^, y, at rj Urste 
Maj oris. 

S Gj, Radiant ^ 



No train ,,, 

5° 

Y or S5, Radiant 


No train , 


S„ Radiant, at ^ Vir- 
ginis. 

M^, g, Radiant 


No traijii ^ , , 



Nn train . 


Y, Radiant? 


Bright flash of diffused 
light. 

1° 

S G, 






j 






SJg) 


Rocket-like ...^..1. i 

4° 

y, Radiant. Directed 
from 9 Leonis. 

Directed from a Lyraj, 
Radiant (?). 
Radiant S G^ 

.Most beautiful; mo- 
mentary train ; bril- 
liant. 


2° 


1© 



2® 

? Qi 




Radiant W 



2 ° 

Directed from ^ Le- 




onis ; Radiant Y 
(?)• 





' Date. Hour. ^ a ^ cf Poakion, or 

Observation. Apparent Size. Colour. Duration. Altitude and 

Azimuth. 


1867. h m ' 

-Way 8 10 27 p.m. Man- =3fd majf.. Dull while ... i second From 61 Ursse Ma- 

joria to d Le- 

5 10 43 p m. Ibid IJ mag.» Vivid white ... 1^ second From A Ursse Mi. 

. ■ noris nearly to 

6 7 60 p.ni. Repit’s Park, Two or three times Firtt^ODMared on 

London. as bright as Vo- F'X ^ridit!: 

bant ^ 

? II 0 p.m. Manchester = 1 J mag.* Bright white... i second from “"to\ Bo- 

711 5 p.ni. Ibid. »2ndiuag.» Reddish while 1 second From\v to fi Vir- 

8 10 to 11p.m. Ibid Sinis. 

'""''(Paristir)'’”^ Great fireball {Atfirstj.„ow Disappeared in the 

^ >^right N.N_E_^ 

S“ 26 n. about 35°. 


July 30 10 10 p.m. Boulogne =2nd mag.» Orange red ... 1-8 second . 

30 10 30 p.m. Straits of Dover =2nd mag.* White 1-5 second 

3010 57 p.m. ibid = 2nd mag.* White 0'5 second . 

30111 0 p.in. Ibid = 3rd mag.* White 0-8 second . 

3011 30 p.m.|rbid =3rd mag.* White 0 4 second 


31 12 2 a.m ibid 2nd mag.* Yellow 0-C second ., 

3112 9 a.in. Ibid =3rdmag.» Yellow 0-5 accond 

1 • 20 a.tn. Ibid —2nd mag.* ...... Bright white... 0*7 second .. 

31 12 25 t.m. Ibid -=3 at mag.* White 1*6 second .. 

31 12 30 a.m. Ibid == 3 rd mag.. 

31 12 40 a.in. Ibid -3rd mag.# Yellow 0 6 second ., 


Disappeared at p 
LconU. 

• • From u HerculU to 

B Cerberi. 

• . From (T to k Vrm 
Majoris. 

• •• From p Lyr® to p 

Ophiuebi. 

... Prom n Tarandi to 
i (M.,P) 
lopardi. 

... From a Lyrm to C 
Cerberi. 

From K, halfway to 
^ Herculisa 

- i (Vp x) to ^ 
Cygiii. 

• • Fjom e Cygni, half- 

way to a Ce- 
I)hei. 

• •Commenced at 

Aquiim. 

• •Commenced at e 

Aquil®. 


— 2nd mag.^^ 

White ( 

)*5 second ... 

=3rd mag.4f 

White C 

1*2 second ... 

«*2rui mag.# ...... 

White 0 

25 see., rapid 


joris to near d 
Bootis. 

Tom <f io 0 Her* 
culls. 

'rom e Aquil® to 
.*• Tauri Ponia- 
tovii. 
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Direction ; noting also 
Appearance ; Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


Observer. 


. 4®,... From Radiant M-, 


R. P. Greg. 


Left a train for 1 second..* . From Radiant W 


Clearly kite-shaped In strong twilight; none T. Crumplen. 

of the brighter stars 
yet visible. 


, 1° From Radiant S Go 


R. P. Gr.g. 


Left a slight train | From Radiant \V | ....Id. 

In one hour no meteors Id. 

seen. 

Drew a train of sparks and 35° Left to right, nearly A few nnnutes after J. J* Silbennann. 

left a faintly luminous horizontal. sunset; seen in full 

train after disappearance daylight. The streak 

of the nucleus. was seen for an hour 

^ at Basle and else- 

r where. (See Ap- 

pendix.) 

Drew a train of red sparks 15° ......... Directed from Lacerta.. Disappeared gradually... A. S. Herschel. 

Left a train for ^ a second Id. 

Left no train Id. 

! 

Nucleus a misty-looking I * Id. 

object. 

Left a streak for | second Id. 

Left a very slight streak.. Id. 

Left a slight train fd. 

Left no train I Id. 


Disappeared suddenly, left . 
no train. 


, Path crooked and oscil ...Id. 

lating at last. 


Left no train 12° Directed from e Del Id. 

phini. 

Left no train 10° Directed from Altair ... Sixteen meteors in two Id. 

hours and ten mi- 
nutes ; perfectly 
clear sky ; no moon; 
one observer. 

Left a train From Radiant A^ R. R. Greg. 


jFrom Radiant A/j Id. 


From Radiant Aq 
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Direction ; noting also 

Appearance ; Train, if any, Length of whether Horizontal, .. 

and its Duration. Path. Perpendicular, or iiemarks. 

Inclined. 


Observer. 


Left a train From Radiant Aq ... 

From Radiant B 3 (?) 


. R. P. Greg, 

.'id. 


. From Radiant T^, 2 
. From Radiant Tj, 3 . 


.12° From Radiant 1^,2 (^'‘• 


I Left a train . 
Left a train . 


jFroin Radiant A. I 


Left a train for 3 seconds. 

1 

1 







Left a train ... .... 






T.eft fri^in 



] 


] 


10° I Directed from y Per- Id. 

I sei. 

From Radiant A^,. 

I From Radiant A,. Id. 


From Radiant A. ' Id. 


Opposite in direction to Slower than the pre- Id. 
the last. vious meteor. 

From Radiant A^ The rapid meteors of Id. 

tlie chief August 
shower radiate ra- 
ther from 6 Cassio- 
peiae than from y 
Persei. 

Directed from C Came- One-half of the sky W. H. Wood, 
lopardi. overcast. 

Directed from e Cassio- Seven-tenths of the sky Id. 
peiac. cloudy. 


Directed from e Cassio- Id. 

peiiE. 

Directed from « Lyrte... Sky clear Id. 


Directed from C Came- . 
lopardi. 


till I** a.m. 

From Radiant Aq R* P. Greg. 


1867. 
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Direction ; noting also 
Appearance : Train, if any, Length of whether Horizontal, 
and its Duration. Path. Perpendicular, or 

Inclined. 


Remarks. 


Observer. 


From Radiant Aq R. P. Greg. 


. From Radiant An Id. 


Left a train From Radiant A^, or Id. 

Nn, 1, (?). 

Moved towards Per- 
seus. 

From Radiant Tj, Id. 

Left no train From Radiant B 3 Id* 

Left a train From Radiant A, Id* 


r.eft a train 1 From Radiant An 


ILeft a train .. From Radiant A^ 


1 ° Directed from y Per- 

sei. Radiant A^. 


I Directed from \ Persei.L Id. 

I Radiant A.,. 


Directed from e Cassio- From 9^ to 10** p.m., W. H. Wood. 

I I peiae. sky clear ; no meteors 

I ! seen. 

Left a train ' | Directed from e Came- Two meteors seen in Id. 

lopardi. 1** 30“*. 


Left a fine blue streak onl, 
its whole course, | 

Left a train of sparks I. 


. These two meteors from T. Crumplen. 
the same Radiant 
nearly simultaneous. 
Id. 


, From Radiant c Came- (See Appendix I.) W. H. Wood. 

lopardi. 


Left a train I Id. 


. From Radiant C Came Id. 

lopardi. 


Increased from 2 nd mag- Directed from P Cephei . 

nitude star to the ap- 
parent size of Jupiter, 
changing from round to 
pear-shaped. Anterior ! 

part silveiy white, body I 

blue. Left a phospho- 
rescent streak on its , 

wdiole course for 3 or 4 
seconds. 

Left a train Directed from e Cas- , 

siopelee. 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

Colour. 

Duration. 

1857. 

h m s 





Aug. 10 

12 10 a.m. 

Birmingham ... 

=2nd mag.* 

Blue 

0*5 second ... 

10 

12 21 a.m. 

Ibid 

= 2nd mag.* 

Blue 

0*5 second ... 

10 

12 46 a.m. 

Ibid 

= 2nd mag.* 

Blue 

0*5 second ... 

10 

12 46 30 

Ibid 

— 2nd mag.* 

Blue 

0*2 second ... 


a.m. 




1 

10 

12 52 a.ra. 

Ibid 

Brighter than 1st 

Orange colour 

0*5 second ... 




mag.:e. 



10 

12 59 a.m. 

Ibid 

— 1st mag.* 

Yellow 

1 second 

10 

1 0 a.m. 

Ibid 

= 3i'd mag.* 

Blue 

0*5 second .. 

10 

1 10 a.m. 

Ibid 

= 1st mag.* 

Yellow 

0*5 second ... 

10 

1 22 a.m. 

Ibid 

= lBtmag.>i‘ 

Orange 

0*75 second ... 

10 

9 39 p.tn. 

London 

— 24 maer.* 


’ 

10 

9 57 p.m. 

Ibid 

— 2| mag.* 


1 

10 

10 5 30 

Ibid 

— 3rd mag.* 

1 

1 


1 p.m. 



1 


10 

10 11 p.m. 

Ibid 

— 1st mag.* 

• Bright orange 





1 

colour. 


10 

10 11 15 

Ibid 

— 1st mag.* ! 

Bright orange 



p.m. 



colour. 


10 

10 16 p.m. 

Ibid 

— 2nd mag.* 



10 

10 28 p.m. 

Ibid 

— mag.* 



10 

10 36 p.m. 

Ibid 

= 3rd mag.* ....r. 



10 

10 43 p.m. 

Ibid 

= 14 mag.* 

Pale blue 


10 

10 48 p.m. 

Ibid 


Pale blue 


10 

10 56 p.m. 

Ibid 

= 2nd mag.* 



10 

10 57 p.m. 

Ibid 

= lst mag.* 

Pale blue 



10 

10 57 p.m. 

Birmingham . . . 

— 1st mag.* 

Yellow 

1 second 

10 

11 13 p.m. 

Ibid 

i 

=3rd mag.* 

Blue 

0'5 second 


Position, or 
Altitude and 
Azimuth. 


From y Andro- 
medae to 

a— d— 

21° 4- 22° 
From ec to 0 Pe- 
gasi. 

From P Persci to 
o= 

48° 4- 23° 
From atov Persei 

I 

! a= ^ = 

From 10°4-f0° 
to 332 4-48 
I From 70 4-60 
I to 94 4-59 
j From 67 4-06 
I to 120 4-60 
I From 97 -1-60 
to K Ursse Ma-i 
joris. j 

From r Persei to 

j a=: i 

67° 4- 28° 1 
a~ d *= 
iFrom 58° 4-78^° 
to 17 4-63 

From 275 4-83 

to 322 4-64 

From 971 +731 
to 53 4-651 

From 102 -f26l 

to 150 4-37 


From 181 4-391 
to 151 +291 
From 317 +571 
to 5 4-65 

From 357 4-181 

to 3561 +101- 

From 340 4-281 
to 21 4-15 
From 3521 +66 
to 351 4-41 

From 20 4-70^ 
to 4 4-50 

From 17 4-52 
to 12 4-37 
Disappeared near 
a Coronse. 


Direction; noting also 
Appearance; Train, if any, Length of whether Horizontal, 
and its Duration. ’ Path. Perpendicular, or 

Inclined. 


Remarks, 


, Directed from I Came-i 
lopardi. 


Observer. 


W. H. Wood. 


I Left a train 


. Directed from e Persei Id. 

. Directed from e Cassio Id. 

peine. 

. Directed from c Cassio- Id. 

peine. 

I Directed from C Came Id. 

I lopardi. 


Left a train 

Left a pale green train 


. Directed 
I lopardi. 
.’Directed 
lopardi. 
, Directed 
j lopardi. 

Directed 
I siopeiae, 


from C Caine- . 
from I Came- . 
from C Came- . 


Left a short train which 
faded quickly. , 


Left a short train which . 
faded quickly. | 


from y Cas- At P* 30’" a.ra. rate 14 Id, 


meteors per hour. 


.|T. Cruinplen. 


. Followed by another Id. 
with bright streak 
more to the right. 
Id. 


Ended beyond the ] 
boundary of the map. 
Two bright globular 
meteors remarkably 
alike. 


Equulei. 


1 1 Lvra:*. 

! ’ 

A 2nd mag. meteor pre- 

1 

From Radiant, near a 

ceded this one from 
near a Lyrac. 



Lyric. 













Imperfect view. Identi- 



Directed from e CaSbio- 

cal with the next. (See 
Appendix I, 8.) 
Tortuous path ; sky 



peiae. 

Directed from Polaris... 

eight-tenths clouded. 
From 9*^ to 10*^ p.m. no 


i 


j meteors seen ; clear sky. 
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Place of 
Observation. 




Position, or 

Date. 

Hour. 

Apparent Size. 

Colour. 

Duration. 

Altitude and 
Azimuth. 

1866. 

h m 






Aag.lO 

11 36 p.m. 

Birmingham . . 


Blue 

0*5 second ... 

a rss 



From 57° + 45° 







to 90 + 62 

10 

11 45 p.m 

.Ibid 

— .3rd mag.« 

Blue 

0 5 second ... 

From /3 Andro- 
medse to 1 Pi- 









1 


scium. 

10 

11 55 p.tu 

Ibid 

IRriD-btfirthttnSirnis! Yellow 

1*5 second ... 

From y Cepliei to 
1 Draconis. 



1 


10 

11 56 p.m 

Ibid 

— 2nd mflgi# ....... 

'Blue 

0*5 second ... 

n= 0 — 




From 25° + 71° 





1 


to t Cephei. 

10 

ll 58 p.ra 

Ibid 

— .3rd mag.-N- 

Blue 

0*5 second ... 

From 25° + 71° 
to y Cephei. 




11 

12 16 a.tn. 

Ibid 

Brighter than IstiOrange-coloiir 0-5 second ... 

From <f> to ft An- 




mag.*. 



dromedac. 

11 

12 45 a.ni. 

Ibid 

— 2nd mag.* 

Yellow 

0*5 second ... 

From a Andro- 






medac to y Pi- 







scium. 

11 

12 48 a.m. 

Ibid 

3= 2nd mag.* 

Yellow 

0 5 second .. 

From /3 Andromedae 







o = 

to 11® 4- 

11 

12 54 a.m. 

Ibid 

«lst mag.* 

Blue 

1*25 second ... 

From V Persei to 





1*25 second ... 

a Aurigae. 

11 

12 55 a.in. 

Ibid 

a* 1st mag.* 

Blue 

From Pleiades to 







r2° + 23° 

11 

12 50 a.m. 

Ibid 

1st mag.* 

Blue 

0*75 second ... 

From y Pegasi toi 







rt = 







350' - 6° 

11 

1 11 a.m. 

Ibid 

= 2nd mag.* 

Blue 

0'5 second ... 

From ft to K Persei 

11 

i 

11 8 p.m. 

Ibid 

~3rd mag.* 

Blue 

0*5 second ... 

From to « Hcr- 



1 



culis. , 

11 

11 14 p.m. 

Ibid 

= 1st mag* 

Blue 

0'75 second ... 

1 a— c= 1 






From 70-'+60° | 







to 100 +64 ' 

11 

11 47 p.m. 

Ibid 

= 2nd m.ng.* 

Orange colour O' 75 second ... 

From 67 +66 * 







to 78 +69 ^ 

12 

12 5 a.m> 

Ibid 

Rriirbfrr flinii Isl Rliie 

0*75 second ... 

From fi Persei to 

rt = d rr j 


mag.*. 








41° + 32° 1 

12 

From 10 to 

Prestwich, Man- 

a=2nd mag.* 

Wlnte 

0*1 second ... 

From p Cassio-j 


11 p.m. 

chester. 



peias to « Ce- 
phei. 1 


12 


Ibid ' 


Dull reddish... 

0*5 second ... 

From 0 Cephei to 
m Custodis. 




12 


Ibid 

— 2nd mag.* 

White 

0*25 second ... 

From X Draconis 
to d Ursae Ma- 
joris. 

From (T Cassiopeise. 





12 


Ibid 

— 2nd mag * 

Wliite 

0*5 second ... 





12 


Ibid 




Centre at J (c, y) 
Trianguli. 



1 

1 


12 


Ibid 



Centre at i Persei... 
Centre at 0 Ursce 
Majoris. 

12 


Ibid 



0*3 second ... 





Appearance ; Train, if any 
and its Duration. 

Length of 
Path. 

Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 

Remarks. 

Observer, 





W. H. Wood. 


1 .... 

Direr.tftd frnm a Cassin- 

Sky four- tenths clouded 

Id. 


I I peiae. 

1 round the horizon. 

f 







Id. 

whole course for three 

1 

peiae. 



j seconds. 









Id. 

1 



lopardi. 



1 



Id. 


lopardi. 




Left a train 

Directed from e Came- 

Sky (round the horizon) 

Id. 

j 

lopardi. 

two-tenths clouded. 



Directed from e Cassio- 

No meteors seen in the 

Id. 


peiae. 

last interval. 



Directed from e rjassjn. 


Id. 

1 

peiae. 




Directed from v Persei. 


Id. 

1 

Directed from y Pecrasi 


Id. 

1 

Directed from c Came- 

i 

Id. 

1 

lopardi. 



1 

Directed from c Came- At D* 20”* a.m. sky 

Id. 

1 1 

lopardi. 

hazy ; stars scarcely 


1 1 


visible. 



Directed from q Came- 

Fine moonlight night ... 

Id. 

( 1 

lopardi. 



jLeftatram 1 

1 

Directed from y Persei.. 

Three meteors per houi 

Id. 

ll.cft a red train 

1 

inirArtAfl frnm a Pamp- 


Id. 



lopardi. 



Left a train 


Direetftd from C Came- 


Id. 

1 


lopardi. 



Left a train 


From Radiant Aq (?) ... 


R. P. Greg. 



Directed from Radiant 


Id. 

, 





Left a train 


From Radiant A^ ...... 


Id. 

Left a train tt- tTt 




Id. 

Left a train . ,,, 

2°,. 

Directed from X Pereei. 


Id. 



From Radiant A^. 




.3° 

From Radiant Aq 


Id. 

Left a train 


From Radiant A^ 

Moon nearly full ; fine 

Id. 




night. 
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Date. 

Hour. 

Place of 
Observation. 

Apparent Size. 

1866. 

h ra s 



Aug.I2 

9 3 p.m. 

Birmingham ... 

= 1 St mag.* 

12 

11 37 p.m. 

Ibid 

— 2nd mag.* 

19 

10 0 p.m. 

Palisades, Dobb’s 

Appeared several 


(local timeh 

Ferry, U. S. A. 

times larger than 




Jupiter. 

1 

20 

About 8 25 

j 

i 

Hawkhurst 

As bright as Jupiter 


p.m. 

(Kent). 

1 

1 

20 

9 0 p.m. 

Ibid 

1 

--2nd mag.* 1 

20 

9 5 p.m. 

Ibid ' 

— 2nd mag.* 

Sept. 1 

7 59 30 

Greenwich 

Two or three times ' 


p.m. 


brighter than a 




1st mag.*. 


Colour. 


Duration. 


PositioiMr 
Altitude ai» 
Azimuth. \ 


Blue 

Blue 


1 second ... 
0*5 second 


Blue, then lilac 2 or 3 seconds 


piter. 


White 1 second , 


1-5 second 


From a Pegasi toj 
^ Aquarii. 
a— t— 
From 121°4-62° 
to 0 Ursse Ma 
joris. 

Appeared about 

midway between 
a Lyrse and tji 
Ursae Majoris, 
between the 
body of Draco 
and the feet of| 
Hercules. 


From d to ri An-| 
dromedae. 

Commenced at A| 
Lyncis. 

From ^ Andro- 
medae to ^ Pi< 
scium. 

From altitude 35 ®j 
to altitude 10®, 
about 20® W. of I 

N. 


APPENDIX. 

Observations of Meteors made at the Cambridge Observatory between No- 
vember 13th, 11** 30"* and November 13th, 14** 15'", in the year 1866. By 
Professor Challis. 

The observations were made by means of a small wooden meteoroscope on a tripod 
stand, furnished with a straight bar about 21 inches long, and readily moveable in 
altitude and azimuth. The movement in altitude earned a graduated arc which 
was read off by an index partaking of the azimuth motion. The movement in 
azimuth carried a horizontal graduated circle read off by an index fixed to the tripod 
stand. I marked the lines of graduation roughly to integral degrees for use on this 
occasion. In taking an observation, the bar was pointed by hand to the place of 
the meteor, the eye looking along the straight edge. The point selected for obser- 
vation was sometimes the middle of the course, but more generally the end of it. 
At the instant of seeing the meteor I called out ^^now," and Mr. Todd, the Junior 
Assistant at the Observatory, gave the time from a mean-time chronometer from 
which he was <'cunting to himself. I then took the altitude- and azimuth-readings, 


Appearance Train, if any, 
and its Duration. 


Length of 
Path. 


Direction ; noting also 
whether Horizontal, 
Perpendicular, or 
Inclined. 


Directed from y Persei.. 


Remarks. 


Fine moonlight night . . . 


Observer. 


W. H. Wood. 


Directed from C Came- 
lopard!. 


Meteors two per hour ;! 
one observer. I 


Id. 


Irregular globular mass, 2° 
rather elongated in 
the direction of its 
flight ; roughly di* 
vided into at least 
two, probably three, 
parts, like a mass of 
molten iron from a 
ladle. At first sur- 
rounded by bright co- 
ruscations; subsequently 
by a pale ruddy lilac 
glare, and then disap- 
peared. 

Brightest near the middle 10 
of its path. No train or 
sparks. I 

Brightest near the middle 8® 
of its path. I 

No train or sparks 


or 

while 

sight. 


o 


3® 

in 


I 


I 


Moved along a line 
drawn from a Lyra* 
to Tj Ursaj Majoris. , 


Nearly perpendicular ; 
dow^nwards. 

Directed from P Caine- 
lopardi. 


Seen apparently at the 
close of its flight. The 
observer’s attention 
called to it by a blue 
flash of light. — Seen 
also at New London, 
Conn. Yellow, sur- 
rounded by blue and 
green light. Roughly 
globular ; elongated 
in the direction of its 
fall. Altitude 45°. 


Light slightly inter- 
rupted at small in- 
tervals. 


W. S. Gilman, 
jun. ; N. Y. 
Tribune. 


A.S. Herschel. 


Id. 

i 

|Id. 


Rather less bright at first,! 
\ when it was seen through | 
a slight veil of cloud. j 

I 


Vertically dow n 


I 


Sky cloudy. The meteorj 
disappeared and re- 
appeared behind the 
clouds. 


H. Airy. 


which, with the time and the other circumstances, were recorded by H. Wilberforce 
Clarke, Esq., H.E.^ of Ohathani. The direction of flight was estimated by con- 
ceiving the face of a watcli to be projected on the heavens, its centre coinciding 
with the observed place of the meteor, and the hour XII pointing towai’ds the 
zenith. The meteor’s course was in the direction from the centre of the watch to- 
wards the recorded hour. No especial care was taken to place the axis of motion 
of the meteoroscope in a v^ertical position, but I had previously adjusted the lengths 
of the legs of the stand so that if it were placed on a horizontal plane the axis 
would be verv nearly vertical. From time to time altitude and azimuth observa- 
tions were taken of stars, for the purpose of obtaining data for calculating the error 
of position of the axis. The stand was placed on the fiat roof of a small out- 
building, covered somewhat unevenly with lead, and not being attached to the roof 
and being of light weight, it was liable to be shaken and displaced. I have reason 
to say that in consequence of accidental disturbance, it did not retain exactly the 
same position during the whole of the observations. With regard to magnitude, 
the meteors are divided into three classes called a, jS, and y. Those of class a were 
as briffht as stars of the first magnitude, and a few as bright as Venus when brightest. 
The class were of the second or third magnitude ; and the class y were compara- 
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tively faintj but not smaller than fifth-magnitude stars. The letter T in the sub- 
joined list indicates that the meteor had a train, which was the case with by far 
the greater number. Observations were made at the same time and place with 
another meteoroscope by Professor Adams and his Senior Assistant Mr. Graham, 
and it was agreed to divide the heavens into the noithern and southern halves. As 
I took the northern half, my observations are principally in that portion, the ex- 
ceptions occurring in the earlier and later observations, and when the north quarter 
was nearly covered with clouds. (See Table, pp. 3(14, 365.) 

Notes explanatory of the Calculations. 

The chronometer was 2™ 51"*82 fast on Observatory Mean Time at November 
13th, 11’^ 28®, and 2® 52" *35 fast at November 13th, 16^ 49”‘. Hence as the Ob- 
servatory is 22*’75 east of Greenwich, 3"‘ 15* has been subtracted from each of the 
chronometer times to calculate the Greenwich IVIean Time to the nearest second. 
The azimuths are reckoned from the N. point through E. to 300'^. Let A represent 
the azimuth-reading, and z the zenith-distance reading for any star, and let a and f 
be its true azimuth and zenith distance calculated from its known P. A. and N. P. I)., 
the colatitude of the Observatory being 37"* 47', and the longitude east 22*’75. Also 
suppose the axis of the instrument to have inclined b} the arc .( from the zenith 
towards the south, and b}^ the arc ?/ from the zenith towards the east. Then if m 
be the index-correction of the zenith-distance readings, and ?i the index-con'ection 
of the azimuth-readings, we have the following equations : — 

cos a-j-t/ sin a, 

a — A=w+ cot f (t sin a-f ^ cos a). 

The values of A, Z, a and 00°— f are given in the foregoing Table. By using 
these values, two equations were derived from each of the observations of stars. 
It should, however, be stated that, instead of using the recorded -v alue of z, I have 
adopted in each instance a value (jreater by one-fourth of a degree, ha^ ing found 
by experiment that the eye was almost necessarily elevated a little above the end 
of the bar in order to see the opposite end in coincidence with the object. The 
experiments gave a difierence of pointing equal to about 15'. Also the small cor- 
rection required for refraction has been taken into account to tlie nearest minute. 
In this manner the following equations were obtained for determining the allies of 
m, M, X and y : — 

No. No of No. of 

of the the cqua- the equa- 

Senea. (C—Z) tion. (a— A) tion. 

1. 2P27'*=m-0'04rwr-h0-0980//(])..-52°]0' =//+0-8406.r-h0-0304?/ (8) 

3.2125 =m4-0*(U94x-|-0-7(504V(2)..-53 0 t=Aj-f-0-5337( -0-4.159V (9) 
22. 17 11 =m~0-8(>j0a’-0-5018i/ (3). . -56 .37 =w - 0*0634.1' -|-0-109.3y (10) 
46.2121 =m-b0*22.30a:-f0*9748V (4)..-r)3 7 =w-bl '2205.1 -0*27911/ (11) 
51.20 51 =m4-0*0.31Lr+0*9995V(5)..-.54 13 =7t-f 0*3123 j:- 0*0097V (12) 
62.19 41 =:m-f-0*7755ar-f 0*6:1141/ (6),. -55 9 =w4-0*4766.i -0*5854// (13) 
70. 19 56 =m4-0*2275.r-}-0*9738y (7)..-53 51 =n-|-0*4704j:-0*1099y (14) 

Any displacement of the stand would be likely to exhibit itself in discordances 
of the values of a— A, rather than in discordant Values of Z. The above values 
of o— A show that there was no azimuthal change sufficient to affect the values of 
X and y, but that there may have been small changes of the index-correction n. 
These changes, must, however, have been too small to have any perceptible effect 
on the values of f — Z. there was an interval of only three minutes between Nos. 

1 and 3, it may be assumed that for these obser\’ations both m and n had the same 
values. Accordingly, after eliminating 7n and n from the equations (1), (2), (8) and 

Instead of the recorded reading 32® I have used 28®, an error having been apparently 
committed by mistaking the direction of the graduation. 

t Instead of the Mimuth-reading 188| I have adopted 183 a mistake having been pro-' 
bably made in reading off or recording. 
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(9), the resulting two equations have been employed for finding x and y. These 
equations are — 

- 2'=:0-6959a:-.0-238%, 

+50'=0-312ar+0*495%, 

which give 3?= +26', y=+84'. As I had no reason to suspect any azimuthal 
disturbance of the instrument between Nos. 62 and 70, the interval between them 
being not more than seventeen minutes, I have similarly employed the equations 
(6), (7), (18), and (14) for finding x and //. The two resulting equations are — 

-l/5'=0-8480a’-0%3424y, 

- 78'=00002.f- 0-4755y, 

which give A' = + 76', y= +165'. These values are not accordant with those ob- 
tained from the other set of equations ; but perhaps the deviations from the mean 
values, which do not exceed 25' in altitude and 40' in azimuth, are not greater than 
what might be expected from the mode of observing and the character of the in- 
strument. I have therefore adopted the values .r=:50', ^=125', using 50' instead 
of the exact mean 51' for facility of calculation. 1 tried other combinations of the 
equations, but found none that gave as probable results as those derived from the 
above values of x and ?/. 

Hence the values of n derived from the equations (8) and (9) are -52® 57' 
and - 52° 30', the mean of which, —52° 44', is adopted for Nos. 1 to 17 of the series, 
a note having been made that just after No. 17 the stand was disturbed. The 
values of w, similarly derived from the equations (10) to (14), are —50° 47', —58° 
33', —54° 27', - 54® 20', and —54° 1'. The two first seem to indicate unsteadiness 
of the stand, but as their mean does not greatly difter from the mean of all, it was 
thought right to adopt the latter mean, viz. —54° 87', for all the observations after 
No. 17. 

When the same values of x andy are substituted in the equations (1) to (7), the 
resulting values of m are 19° 24', 19° 17', 18° 57', 19® 7', 18° 44', 17° 48', and 17^ 43', 
the mean of which is 18° 42'. For verification of this result I also obtained the 
index-correction in the following manner: — An adjusted spirit-level was placed on 
the upper flat side of the bar, and the bar being made to point horizontally by 
bringing the bubble into middle position, the altitude-circle was read oft*. The same 
thing was done after changing the aziinutli by 180°. The two readings being 71° 
15' and 71° 85', the complement of half their sum is +18° 85', which consequently 
is the index-correction. By another trial made in azimuths 90° from the former, 
the two readings were 70° 0' and 78° O', and the index-correction is consequently 
+ 18° 30'. The mean between the two results, viz. lb° 88', is the adopted value 
of m ; this mode of determining it being thought to be more accurate than the other. 
The small difterence between this value and +18° 42' is considerable confirmation 
of the accuracy of the adopted valiu's of .v and y. It should be added that in ob- 
taining these corrections, the meteoroscope was placed, as nearly as could be con- 
jectured after about a month’s interval, in the same position that it had during the 
observations, and that coiist^qiiently the values of x and y may be inferred from the 
differences of the altitude-readings in the respective positions. The values thus 
obtained are x= + 10', y = + 90'. As I could not be sure that the meteoroscope in 
this trial had exactly the same position ns before, I have prefeiTed using the values 
of X and y deduced from the observations of stars. 

Representing now by A and Z the azimuth- and zenith-distance readings for the 
observation of any meteor, the following equations were employed for calculating 
its true azimuth and altitude as given by the observation : — 

True altitude (/8)=71° 12'- Z+50' cos (A+w)+125' sin (A +«) -refraction. 

True azimuth = A+n+ tan ^ (50' sin (A+/2)+125' cos (A+w)). 

The value of n is —52° 44' for Nos. 1 to 17, and —54° 37' for the remaining Nos. 
The obnstant 71° 12' is 90^- 18® 38'- 15'; the correction -15' being applied for 
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BEMRT 1867. 


error of pointings, as already explained. The altitudes and azimuths of the stars 
were calculated by the same formulse, and are placed in the foregoing Table, to- 
gether with their altitudes and azimuths calculated from their known K. A. and 
N. P. D., in order to give the means of judging of the degree of accuracy to be 
ascribed to the observations. (The latter are put in brackets.) 

I made an obsen^ation of the mean of the positions of two stationary meteors 
(No. 50) soon after the clouds had cleared off, and before counting from the chp- 
nometer had recommenced. The time was taken roughly by my watch, which 
was found by subsequent comparison to be seven minutes slower than the chro- 
nometer. The recorded time, 1^* 20®, takes into accoimt this difference. The 
time of observing Eegulus (No. 51) was not noted ; but as this observation fol- 
lowed immediately after No. 50, it was conjectured from other similar cases that 
the interval between them was about one minute. The times for Nos. 50 and 51 
are, consequently, quite uncertain ; but as the place of Eegulus, calculated from 
the obseivation," agrees well enough with its true place, it is not likely that they 
are much in error. By calculation of the E. A. and Decl. of the mean stationary 
point from the azimuth 83° 24' and the altitude 25° 12', it is found that the E. A. 
= 150° 58', and Bed. = +23° .30'. 

Soon after seeing the stationary meteors, I noted down the mean position with 
reference to neighbouring stars, lov mapping the stars and the estimated position 
on a piece of paper, from which the annexed diagram 
has been transferred by pimctiu*es through the paper. 

(It should be observed that the two meteors had about 
the same altitude, and the more northward one was 
much fainter than the other.) 

By making use of the star-map in Johnston’s ^ Atlas 
of Astronomy,’ I estimated the place of the meteors 
to be E. A. = 148° 45', and Bed. =22° 50'. The date 
of the map being 1850, if allowance be made for an- 
nual variations, the place for 1867 *0 will be E. A. = 

148^ 59', Bed. =22° 47'. 

This determination I consider to be more trust- 
worthy than the other, the E. A. of tlie former beinjr 
robably too much in excess of that of Eegulus. If 
ouble weight be given to the second determination 
of E. A., and equal weights be gi\en to the declinations, the radiant point comes 
out E. A. = 149° 39', Bed. = + 23" 1 2'. 

Cambridge, January 3rd, 1807. .1. Chillis. 


^ [ Mean position 
£ + VI/ j Qf the meteors 

V* 


Meteors, 1806, November 13th to 14th. 


Nov. 13th, 11“ 28®. 
h in s 

F 3312=11 27 33-5 
H= 2 55 30-0 
33-47 


2 56 3-47 
15 29 29-31 

11 26 34-10 
- 1 52-48 


11 24 41;08 
- 251-82 


Nov. 13th, 16“ 49®. 

h ni 8 

F 3312=16 49 41-5 
H= 8 18 30-0 
3 3-85 

8 19 3-85 

15 29 29-31 

16 49 3^4 

- 2 45-39 

10 JO Jhl5 

- 2 62-.35 


Nov. 13th, 14“ 10-". 

Rid. T., II slow 34-20 
Baily losing rate= 1-68 


Hourly rate of Chronometer = — O'* 09. 



A CATALOGUE OF OBSERVATIONS OF LUMINOUS METEORS. 867 
Stars for Instrumental Corrections. 

Corr. of Corr.'of 



Observed 

Observed 

True 

True 

Observed 

Observed 

Mean time. 

Azimuth. 

Altitude. 

Azimuth. 

Altitude. 

Azimuth. 

Altitude. 

h m 8 
Procyon . . 11 43 40 

6°2 4 

26 13 

28? 20 

1& 69 

28i 41 

-6 14 

Polaris 11 45 6 

304 10 

53 43 

178 47 

53 25 

234 31 

-0 18 

Aldebaran . . 11 46 10 

07 20 

52 10 

.332 8 

51 25 

234 48 

-0 45 

Arcturus . .10 24 13 

21 0 

13 50 

255 2 

13 42 

234 2 

-0 8 

Sirius ....10 25 0 

145 45 

20 0 

10 48 

10 14 

234 3 

-0 40 

Aldebaran.. 10 25 48 

105 0 

30 10 

00 2 

.35 28 

234 2 

-0 42 

Polaris .... 10 20 48 

304 0 

52 12 

177 47 

51 55 

283 47 

-0 17 



Mean corrections 

. 234 16 

-0 27 


Meteora, 1860, November 13tb to 14th. 

Observed at the Observatory at Cambridge, by Professor Adams. 


(Error of Chronometer —2“' 52\) 


Mean 

Solar 

Time. 

True 

Mean 

Solar 

Time. 

Observed 

Azimuth. 

Observed 

Altitude. 

i 

Observed I 
Azimuth, 

corrected. 

h m 

s 

h m 

B 

0 


0 

i 

0 

1 

11 43 

48 









62 

4 

11 49 

12 

321 

0 

10 

0 

195 

16 

55 

18 

52 

26 

4 30 

39 

0 

238 

46 

11 68 

52 

56 

0 

349 

0 

23 

0 

223 

16 

12 1 

35 

58 

43 

306 

0 

1 

0 

180 

16 

2 

28 

11 59 

36 



..... 



.. 

5 

47 

12 2 

55 

297 

0 

18 

0 

171 

16 

7 

3 

4 

11 

230 30 

24 30 

104 

46 

8 

36 

5 

44 

32.5 

0 

68 30 

199 

10 

0 

42 

0 

50 

247 

0 

23 30 

121 

16 

11 

18 

8 

26 

13.5 

0 

39 

0 

9 

16 

12 

33 

9 

41 

1.35 30 

31 

0 

9 

46 

13 

32 

10 

40 

111 30 

27 

0 

345 

40 

14 

36 

11 

44 

102 30 

23 

0 

336 

46 

18 

44 

1.") 

.52 

.54 

0 

25 

0 

289 

16 

21 

29 

IS 

37 

173 

0 

63 

0 

47 

16 

22 

17 

19 

25 

11)7 

10 

36 

0 

71 

46 

24 

24 

21 

32 

100 30 

27 30 

334 

40 

25 

57 

23 

5 







.. 

26 

57 

24 

5 

54 

0 

24 30 


16 

28 

18 

25 

26 

129 

0 

22 

0 

3 

10 

30 

53 

28 

1 

122 

0 

48 

0 

356 

10 

31 

45 

28 

53 

196 30 




70 

46 

32 

42 

29 

50 

124 

0 

35 

0 

358 

16 

33 

67 

31 

5 

356 

0 

24 

0 

230 

16 

34 

57 

32 

5 




, 


I.. 

35 

18? 

32 

16 

..... 


30 

0 


... 

36 

19 

33 

27 

9 

0 

21 30 

243 

16 

37 

18 

.34 

26 

10 

0 

16 30 

244 

16 

38 

4 

35 

12 









38 

24 

35 

32 

35 

0 

32 30 

209 

16 

39 

24 

36 

32 








39 

51 

36 

59 

73 

0 

,31 

0 

307 

16 

40 

25 

37 

83 

23 

0 

51 

0 

257 

16 

41 

8 

38 

16 

355 

0 

27 

0 

229 

16 


Observed 

Altitude, 

corrected. 

Magnitude. 

Direction. 

Notes. 

0 / 


h 


9 33 


9 


38 a3 

y 

12 


23 27 

a 

9 ^ 


0 33 

a> 

9 




10 

AcrossjSUrsee Majoris 

i? 33 

iS 

8 


24 3 

A 

5 


68 3 

tt 

n 


23 3 

y 

3 


38 33 

a. 

H 

Train 

30 33 


4 


26 33 

« 

4 


22 3:3 

/S 

4 


24 33 

« 

3 

Shower 

62 33 

a. 

5 

Fine train 

35 33 

a. 

H 

Fine train 

27 3 

a. 

4 



a. 


Finetrain ; fromMars 

21 3 

a. 

3 

Fine train 

21 33 

a 

4 

Train 

47 33 

a 

4 





Horizon 

34 33 


“4 


23 33 

a 

9 



tt 

9 

e Ursje Majoris ...... 


tt 

8 


21 3 


9 


16 3 

it 

9 



« 

2 

From Castor 

32 3 

iS 

2 



« 


Across Castor 

30 33 

y 

"2 


50 33 

/J 

Oil 


26 33 


4 
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HI 

True 

Mean 

Solar 

Time. 

Observed 

Azimuth. 

1 

Observed | 
Altitude. 1 

Observed 

Azimuth, 

corrected. 

Observed 

Altitude, 

corrected. 

Magnitude. 

Direction. 

Notes. 

Observer’s 

Name. 

h m B 

h m 8 






h 



12 41 41 

38 49 

25 d 

64 d 

25<3 16 

Cdt 33 

a, 

12 


G. 

42 18 

39 26 

43 30 

37 30 

277 46 

37 3 

a 



G. 

43 10 

40 18 





a 

4 

Across eD rsa* Maj oris 

G. 

43 62 

41 0 

356 0 

28 30 

230 16 

^ 3 

a 

9 


G. 

44 34 

41 42 

313 0 

21 0 

187 16 

20 33 

a. 

9 


G. 

45 15 

42 23 

16 0 

32 0 

250 16 

31 33 

9> 

11 


G. 

46 0 

43 8 

45 0 

25 30 

279 16 

25 3 

a. 



G. 

46 37 

43 45 

11 0 

28 0 

245 16 

27 33 

et 

10 


G. 

47 30 

44 38 

2 30 

23 0 

236 4() 

22 33 

a 


Train 

G. 

48 28 

45 36 

353 0 

40 0 

227 16 

39 33 

tt 

id 


G. 

49 6 

40 14 

91 0 

29 0 

325 16 

28 33 

a, 

4 


G. 

60 22 

47 30 

9 0 

44 30 

243 16 

44 3 

a 

m 

Clouding over 

G. 

51 26 

48 31 





a 

9 

d, € Ur8a3 Maj oris ... 

G. 

62 40 

49 48 

36 0 

41 0 

270 16 

40 33 

a 

U 


G. 

53 16 

50 24 

70 0 

34 30 

304 16 

34 3 

a 



G. 

53 52 

51 0 

85 30 

22 0 

319 46 

21 33 


3 


G. 

54 24 

51 32 

52 30 

44 0 

286 4() 

43 33 

a, 

3 

Train 

G. 

65 18 

52 26 

10 0 

45 0 

244 16 

44 33 

ec 

11 

Train 

G. 

56 4 

53 12 

99 0 

22 30 

333 16 

22 3 

a 

4 


G. 

56 45 

53 53 

14 0 

49 0 

248 16 

48 33 

a 

11 


G. 

67 40 

54 48 

90 0 

25 0 

330 16 

24 33 

a, 

4 


G. 

12 58 48 

12 55 50 

40 0 

22 0 

280 16 

21 33 

a, 

4 

No tram 

G. 

13 33 35 

13 30 43 

0 0 

38 30 

240 16 

38 3 

a 

5 


G. 

34 36 

31 44 

41 30 

29 0 

275 46 

28 33 


3 

Flash 

G. 

35 18 

32 20 

59 0 

20 0 

29.3 16 

19 ;i3 

iS 



G. 

35 46 

32 64 

22 0 

27 0 

256 16 

26 

y 

9 


G. 

36 8 

33 10 

74 0 

31 0 

308 16 

30 33 

cc 



G. 

37 38 

34 40 

59 30 

27 0 

293 46 

2() 33 

K 

4 


G. 

38 2 

35 10 

00 30 

21 30 

294 46 

21 3 

iS 



G. 

38 30 

35 38 

84 30 

20 0 

318 46 

19 33 

et 

2 


G. 

38 50 

35 58 

61 0 

36 0 

295 16 

35 33 

iS 



G. 

39 15 

36 23 

26 30 

69 0 

260 46 

68 33 

a 

11 

Train 

G. 

39 48 

30 56 

70 30 

51 30 

304 46 

51 3 

a 

1.1 


G. 

40 27 

37 35 

59 0 

50 0 

293 16 

49 33 

et 

2 


G. 

40 56 

38 4 

29 30 

51 30 

253 46 

51 3 

et 

11 


G. 

41 38 

38 46 

67 30 

76 0 

301 46 

75 33 

et 

1 


G. 

42 5 

39 13 

74 30 

37 0 

308 46 

36 33 

7 



G. 

42 27 

39 35 

33 30 

53 30 

267 46 

53 3 

et 

Oh 


G. 

43 29 

40 37 

54 30 

23 0 

288 4(» 

22 33 

u 

3 


G. 

43 42 

40 50 

22 0 

39 0 

25() 16 

38 33 

A 

104 


G. 

44 8 

41 16 

77 0 

15 0 

311 16 

14 3,3 

et 

2“ 


G. 

44 48 

41 56 

5 30 

61 0 

239 4(; 

60 33 

et 

104 


G. 

45 24 

42 32 

73 30 

28 0 

307 46 

27 33 




G. 

45 57 

43 5 

70 0 

43 0 

304 16 

42 33 

7 

3 


G. 

46 30 

43 38 

39 0 

20 30 

273 1(> 

20 3 




G. 

46 55 

44 3 

63 0 

29 0 

297 16 

28 33 

et 

6 


G. 

47 28 

44 36 

67 30 

40 0 

301 46 

39 33 

/5 



G. 

48 21 

45 29 

84 0 

42 30 

318 16 

42 3 


24 

Train 

G. 

49 0 

46 8 

56 0 

28 30 

290 16 

28 3 

u 

4 

Train 

G. 

49 29 

46 37 

66 0 

33 30 

200 16 

33 3 

7 

34 


G. 

49 58 

47 6 

70 0 

18 0 

304 16 

17 33 

7 

44 


G. 

50 27 

47 35 

74 0 

38 30 

308 16 

38 3 

7 

3 


G. 

61 16 

48 24 

48 0 

17 30 

282 16 

17 3 

/3 

^4 


G. 

52 8 

49 16 

96 0 

28 0 

320 16 

27 33 

et. 

4 

Across Sirius 

G. 

52 52 

50 0 

127 0 

57 0 

1 16 

56 33 

a 

34 


G. 

54 31 

51 39 

164 0 

66 30 

38 16 

66 3 

X 

44 


G. 

5o 10 

52 18 

89 0 

55 0 

323 16 

54 33 

7 

3 


G. 

55 53 

63 1 

151 30 

62 0 

25 46 

61 33 

X 

5 


G. 

56 39 

53 47 

85 0 

86 0 

319 16 

85 33 

X 

3 
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Mean 

Solar 

Time. 

True 

Mean 

Solar 

Time. 

Obserred 

Azimuth, 

Observed 

Altitude. 

Observed 

Azimuth, 

corrected. 

Observed 

Altitude, 

corrected. 

Magnitude. 

Direction. 

Notes. 

Observer’s 

Name. 

h m s 
13 57 12 

h m 8 
13 54 20 

88 30 

o 

44 

6 

322 46 

43 33 

0 

h 

H 


G. 

57 42 

54 50 

133 0 

42 30 

7 16 

42 3 


4 


G. 

58 10 

55 18 

93 0 

31 

0 

327 16 

30 33 

y 

4| 


G. 

58 49 

55 57 

80 0 

30 

0 

314 16 

29 33 

y 

H 


G. 

13 59 25 

56 33 

72 30 

42 

0 

30() 4<; 

41 33 

y 

3 


G. 

14 0 54 

58 2 

20 0 

25 

0 

254 l(i 

24 33 

a 

10 


G. 

2 2 

59 10 

76 0 

25 

0 

310 16 

24 33 


4 


G. 

2 37 

13 69 45 

105 0 

21 

0 

339 1() 

20 3.3 

/S 

4 


G. 

3 20 

14 0 28 

25 0 

28 

0 

259 16 

27 33 

4C 

8 


G. 

4 1 

1 9 

26 0 

38 30 

260 16 

38 3 

/3 

10 


G. 

4 36 

1 44 

81 0 

20 30 

315 16 

29 3 

a 

4 


G. 

5 25 

2 33 

65 0 

45 

0 

299 16 

44 33 

a 



G. 

6 0 

3 8 

42 30 

42 

0 

276 46 

41 33 

a 

111 


G. 

6 48 

3 56 

14 30 

42 

0 

248 46 

41 33 

a 

94 

Train 

G. 

7 33 

4 41 

76 0 

29 

0 

310 16 

28 33 

ct 

44 


G. 

8 11 

5 19 

27 30 

18 

0 

261 46 

17 33 

a. 



G. 

8 44 

5 52 

20 0 

37 

0 

254 16 

36 33 

a. 

04 


G. 

9 25 

6 33 

22 0 

18 

0 

256 16 

17 33 

y 

4 


G. 

9 36 

6 44 

74 0 

24 

0 

.308 16 

23 33 

a 

4JL 


G. 

10 44 

7 52 

78 0 

29 

0 

312 16 

28 33 

is 

4" 


G. 

11 8 

8 16 

83 30 

42 

0 

317 46 

41 33 

/3 

3 

Across Procyon 

G. 

11 37 

8 45 

127 0 

34 

0 

361 16 

33 33 

/S 

4 

G. 

13 10 

10 18 

124 30 

24 

0 

358 46 

23 33 

a. 



G. 

13 21 

10 29 

81 0 

46 

0 

Sl.l 16 

45 33 

a 

3 


G. 

14 62 

12 0 

58 0 

53 

0 

292 16 

52 33 

a 

14 


G. 

15 27 

12 35 






a 

4 

From Procyon ...... 

G. 

16 52 

14 0 

115 0 

60 

0 

349 16 

59 h 


4 

G. 

17 44 

14 52 

83 





... 

, , , 

Across Pleiades ; 26" 

G. 

19 36 

16 44 

91 0 

ii 

30 

325 io 

n 3 

a. 

3 

visible. 

G. 

20 29 

17 37 

110 0 

39 

0 

344 16* 

38 33 

ct 

H 


G. 

22 26 

19 34 

25 0 

39 

0 

259 16 

38 33 

a 

9 


G. 

23 11 

20 19 

59 0 

65 

0 

293 16 

64 33 

y 

14 


G. 

23 41 

20 49 

101 0 

29 

0 

335 16 

28 33 1 

a 

4“ 


G. 

24 30 

21 38 

132 0 

50 

0 

! 6 16 

49 33 1 

a 



G. 

25 20 

22 28 

121 0 

37 

0 

355 16 

36 33 

et 

4 


G. 

25 44 

22 52 

42 0 

48 

0 

276 16 

47 33 

/3 

12 


G. 

26 50 

23 58 

99 0 

12 

0 

33;l 16 

11 33 




G. 

31 38 

28 46 

t 102 0 

23 

0 

336 16 

22 33 

/S 

H 


G.‘ 

32 9 

29 17 

53 0 

33 30 

287 16 

33 3 

/3 
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Number of meteors observed, 63. Total number 292. 



I. Meteors dotibiy observeb. 

(1) 1866, JN’ovcmber 13tli, 11^ 22“ p.m. (Haddenham). 

At an early stage of the great November shower, when bright meteors were 
yet uncommon, a meteor nearly as bright as Venus was recorded by Mr. 
Dawes at Haddenham, in Bucks ; and almost simultaneously with it a me- 
teor of unusual brilliancy was seen by Mr. T. Crumplen at Primrose Hill in 
London (sec Catalogue). The descriptions of its appearance at the two places 
are essentially the same, and evidently refer to the same meteor. The paral- 
lax of these observations is 12°, and the height of the meteor, assuming a 
distance of thirty- six miles between the stations, is just sixty miles above the 
surface of the earth. 

(2) 1866, T^ovember 14th, 12^' 40™ 45* a.m. (Glasgow). 

The meteor passed nearly over St. Andrews, in Scotland, where it appeared 
to consist of three parts, each equal to Venus. A part of the streak remained 
visible as an oval light-cloud for eight minutes before it disappeared (see Ca- 
talogue). This portion of the streak was seen at an altitude of 40° above the 
horizon at Glasgow^ in the direction of St. Andrews. At St. Andrews it dis- 
appeared at an angle of 15° from the zenith, nearly towards Glasgow. The 
distance between the two stations is nearly sixty -five miles, and the parallax 
of about 60° corresponds to a height of not quite fifty miles above the surface 
of the earth. 
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(3) 1866, November P 8*“ a.m. (Cardiff). 

The apparent position of the meteor at the beginning and end of its yisiblo 
path, as referred to the stars by Messrs. A. and J. Thomson at Cardiff, and 
Mr. ,H. S. Heinecken at Sidmouth, are in the most perfect geometrical accord- 
ance with the respective geographical positions of the two stations from one 
another. As the stations are respectively north and south from one another, 
and the meteor passed between them from east to west, the real altitude of 
the meteor, and the extent of the luminous streak which it left floating upon 
its path for at least ten minutes before it disappeared, can be determined with 
exactness. The direct distance of Sidmouth from Cardiff is just fifty British 
statute miles. The parallax of the meteor at its first appearance was 20°, 
and corresponds to a height of 100 miles above Petcrsfield, in Hampshire 
(lat. 51° N., long. 0° 55' W. from Greenwich). The meteor disappeared be- 
tween the two stations, and its parallax was then 50°. Its real altitude at 
the instant of its disappearance was fifty-three miles above Tiverton, in Devon- 
shire (lat. 50° 55' N., long. 3° 39' W. from Greenwich), which x)oint it reached 
after an aerial flight of 120 miles directed exactly from the radiant-point 
(near x Leonis) of the November meteoric shower, in the centre of Leo’s 
Sickle.” 

At the final distance of the meteor from Cardiff*, sixteen or eighteen miles 
would subtend 15°, which was the length (see Catalogue) of that portion of 
the luminous streak which collected itself into a cloud after the nucleus had 
disappeared. A few minutes of arc ” (see Catalogue) would correspond to 
as many hundred feet at the same distance ; this was accordingly the width 
of the straight portion of the luminous streak, while the oval light-cloud, 
which remained visible ten minutes, if it subtended the apparent width of 
only two diameters of the moon, must have measured at least one mile in 
thickness. 


(4) 1866, K^ovember 14th, 12"' 30® a.m. (Hawkhurst). 

The apparent position of the meteor, seen at this time to leave a very per- 
sistent streak at Hawkhurst, is not compatible with the apparent jilace of a 
very similar meteor observed at very nearly the same moment by Mr. Lowe 
at Nottingham, so as to make it possible to compute their distance as if the 
meteors were identical. But it is probable that two meteors, nearly simulta- 
neous in time, were seen at the two stations in nearly the same quarter of 
the heavens. 

(5) 1866, November 14th, 2'* 14"' a.m. (Glasgow). 

An observation of the meteor seen at Glasgow was also recorded by Mr. 
G. Forbes at St. Andrews. It moved, however, with reference to the two 
stations, so nearly in a plane containing the base-line drawn between them, 
that although a considerable parallax of the kind attributable to their very 
wide displacement is perfectly apparent, additional observations at other places 
are required to define its real altitude. 

(6) 1866, November 14th, 2'' 40'" 58® (Aberdeen). 

A brilliant fireball of the November shower was seen over flic whole of 
Scotland and as far south as Nottingham, in England. Observations of its 
apparent place were recorded at Sunderland in England, and at Glasgow, 
Edinburgh, and Aberdeen in Scotland (see next page). A comparison of 
these accounts assigns to the light-cloud left by the meteor near the termination 
of its course an altitude of between sixty-one and sixty-seven miles above the 
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earth’s surface in the neighhurhood of Dundee. (Proceedings of the Glasgow 
Philosophical Society, vol, vi. p. 207.) 

(7) 1867, August 9th, 11*^ 46’” p.m. (London and Birmingham). 

Two bright meteors of the August shower, in almost exactly the same 
quarter of the sky, were recorded simultaneously at Birmingham and London 
at this hour (see Catalogue). The resemblance between the two meteors is, 
however, casual ; for the lines of sight, instead of converging towards eaclj 
other very rapidly, as might be expected to take place from the great distance 
between the stations if a single meteor were under consideration, actually 
diverge from each other to an extent of 5° or 6°, and evidently point to two 
different meteors appearing almost simultaneously in time and in the same 
quarter of the sky at either place. 

(8) 1867, August 10th, 10’’ 67*” p.m. (Birmingham and London). 

The two bright meteors simultaneously recorded at this time by strict ob- 
servations at Birmingham and London, during a period of positive scarcity of 
shooting-stars, correspond exactly in their apparent place of disappearance 
with the supposition of a large displacement by parallax (of about 45°) in 
the direction of a straight line joining Birmingham and London. The iden- 
tity of the two meteors must accordingly be regarded as perfectly confirmed, 
although the partial view obtained at London permits only the end point, or 
point of disappearance, to be fixed. This was at a height of seventy-six miles 
^bove the earth’s surface in the neighbourhood of Bristol. 

II. Laege Meteoes. 

(1) 1862, April 25th, 8” 20’” p.m. (local time), Hobart Town, 

Yan Diemen’s Land. 

The following account of a large meteor seen in the southern hemisphere 
appears in the ^ Besults of twenty-five years' Meteorological Observations for 
Hobart Town,’ by F. Abbot, F.E.A.8., p. 17. Although appearing in the 
southern sky, the meteor belongs to a date when fine meteors are not uncom- 
monly seen in considerable numbers in the northern hemisphere ; and it is 
frequently the case that meteoric displays are yisible at the same time in both 
the north and south hemispheres of the globe. 

On the 25th of April 1862, while observing the accompanying cluster 
K Crux at 8’’ 20’” p.m., a remarkably fine meteor crossed the zenith from v in 
the constellation of Centaurus, to Nebula Major. By estimation the meteor 
was about ] 5' in diameter, traversing about 60° in four seconds of time, leaving 
a long and remarkable train of sparks that continued, from first to last, about 
ten minutes, which gradually contracted into an oblong form from 1 ° to 2° in 
diameter, and for a time appeared to station itself a little to the west of y Crux. 
During the time of transit the meteor gave a brilliant illumination, much 
more incandescent than that produced by the full moon.” 

(2) 1866, November 14th, 12’’ 52”’ 30* a.m., G. M. T (Aberdeen) 

Being in the observatory for a few minutes, I was called by Professor 
Thomson ; thinking it simply an expression of delight, I paid no attention to 
it, except to note^ the time. I was twice called again, and running out, was 

* Thi 3 and the two following descriptions of large meteors arc contained in a Report 
on the Meteors ot the 13th-14tn of November, I 860 , to Professor Grant, of the Glasgow 
Ohdervatory, by Mn D. Gill, Assistant at the Observatory, King’s College, Aberdeen. 
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just in time to seo a glare of light which suddenly disappeared, leayipg a 
luminous patch in the east. 

‘ Professor Thomson describes it as a brilliant meteor of half the apparent 
diameter of ‘the moon, of an intense white light, which rose due east of our ob- 
servatory, apparently from the sea, slowly describing a small semicircle of 3° 
diameter from S. to N,, occupying nearly thirty seconds in doing so, and 
leaving behind it a faint luminous track, which soon disappeared. 

(3) Ibid. 11^*^ 33“ A.M. 

My attention at this instant was attracted by a glare of light in the east. 
This proceeded from a brilliant ball of a reddish colour, fully half the appa- 
rent diameter of the moon, which scem('d to be rising 
from the sea directly under the star e Yirginis. After 
attaining an altitude of 8° or 1 0°, it seemed to arch over 
towards the north, describing a semi-circle of about 2° 
radius ; when the lower half of the meteor seemed to 
shell off, emitting a train of luminous sj)ark8 which fell 
vertically downwards, completing the arch formed by the 
slightly luminous train of the meteor. The accompany- 
ing rough sketch is a copy of one made in my notebook 
at the time, and represents the meteor when it first 
burst. The total time of visibility of the meteor may 
have been about ten seconds. 

(4) Ibid. 2’’ 40’'‘ 58“ A.M. 

On my way home, when about half a mile due south of the observatory, 
my attention was attracted at this instant by a glare of light. Looking up, 
I feared that I had missed some brilliant meteor, when presently, beyond a 
housetop close to the cast of me, appeared a most billiant meteor moving 
nearly horizontally with an apparently slow and diminishing motion. I ran 
to the middle of the street, which enabled me to see backwards (eastwards) 
along its path (indicated by its train), which appeared to have commenced 
somewhere between Mars and Pollux, rather nenrer the latter. The nucleus 
passed over a Tauri, rested an instant over the little pair of stars in the y, 
and disappeared without noise. The path and point of disappearance can be 
represented thus (fig. 1). 

Pig. 1. 

Gemini 

/3# 
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I should estimate the apparent diameter of this meteor as one-fifth that 
of the moon. But the intensity of its light was incomparably greater than 
that of any previously observed, and its character more resembled sunlight 
than any other. 

‘‘The most remarkable feature of this meteor, however, was the train. 
This was of a pale-yellow colour, and at first it remained as a band of dense 
nebulous-looking light, about half a diameter of the moon in breadth, along 
the path of the meteor, as in No. 1. 

“ After two minutes the train wound about, and assumed the appearance 
of No. 2. 

“ After 3^ minutes it had collected itself into a nebulous-looking cloud, as 
in No. 3, which remained vividly distinct until four minutes (by the watch) 
after the appearance of the meteor, Avhen it was obscured by a cloud.’’ 

Professor Grant’s notes of its apiDcarance at Glasgow refer principally to 
the luminous streak, of which a drawing 
at the time, by Mr. Hcrschel, is here 
appended in illustration of Professor 
Grant’s description. 

“At IP* 41***, G. M. T., my attention 
was directed to an extraordinary blaze 
of light in the constellation Ursa Ma- 
jor. When first seen it presented the 
appearance of a slightly curved broad 
band of light, indicative of the train of 
a meteor which itself had already dis- 
appeared, and which, judging from what 
was left behind, must have far exceeded 
in lustre any of the meteors seen during 
the night. The first apjjarition of this 
remarkable phenomenon 1 unfortunately 
lost, having been engaged at the time in writing down some details in 
my notebook. It was obvious, however, that the meteor had only just va- 
nished, for the residuary mass of light Ava^ still very I 'right. I could only 
compare its appearance in this respect to that presented in a dark night by 
the blazing furnace of one of the great iron-works in the neighbourhood of 
Glasgow. In less than a minute after it was first seen it assumed the appear- 
ance of a horseshoe, or inverted arch, of diffused end rapidly diminishing 
light, one extremity of which was projected upon e Ursce Mejoris, and the 
other upon y and I of the same constellation [No. 1]. Gradually it expanded 
in dimensions and grcAv fainter; at the same time the arch became more 
elongated and pointed, suggesting its resemblance to a merry- thought, or the 
outline of a heart. At 14** 48*** the western extremity was still attached to 
e Ursse Majoris, hut the eastern had drifted from y and S to a and /3 of the 
same constellation [No.'S] ; an effect doubtless attributable to the prevalence 
of a westerly wind, Avhich was blowing at the time. The apex was seen 
to descend as far as \p Ursae Majoris, or perhaps a little lower. This remark- 
able object continued to be distinctly visible till 14** 56“ ; even at 15** traces 
of it might still be discerned”*. 

Professor Piazzi 8myth thus describes the appearance of the train at the 
Carlton HiU Observatory at Edinburgh : — 

* Explanation of the figure — No. 1. Appearance of the streak at 14*^ 42™, G. M. T. 

No. 2. Appearance at 14^^ 44™, No. 3 . Appearance at 14^ 48*'*. No. 4. Shortly before 

disappearance at 14^ 52™. 
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Of bright meteors . . . there must have been one about 2*^ 40*“ a.m., between 
at, UrssB Majoris and a XJrsse Minoris ; for immediately thereafter the central 
part of its luminous track was brilliantly conspicuous, like a silver snake in 
the sky. Prom minute to minute the luminous line became more corrugated, 
widening and becoming fainter by degrees ; and also drifting, apparently 
under the action of the north-west wind blowing at the time ; even after a 
quarter of an hour the train-matter was still visible, but changed to some- 
thing like the outline of a gigantic pear, and drifted some 30^^ from its first 
position.’’ 

At Sunderland, in Durham, Mr. Backhouse obtained a view of the persistent 
light-streak, and to his report is added a de- 
scription of another meteor, and drawings of 
their appearance, 

‘‘At 2** 21*", a meteor as bright as Jupiter, 
directed from ^ Leonis, left a train, a part of wdiich 
lasted two minutes. At 2‘* 22*" 30* it Avas like 

fig. i. 

“ On looking out of the Avindow at 2** 42"* a.m. 

1 discerned the train of a meteor, the upper part ter n is 

being a patch of light much brighter than the rest. -Minon % ® OC 

“ Pig. 2 shoAvs it soon after I discovered it, and fig. 3 at 2** 44*" 40* a.m. 
It Avas visible at 2’* 53*". 

Pig. 2. Pig. 3. 

• a Cephei • ^ Cejthei 



• ciCypni % d Cijyni 

“ I did not see the meteor, but am told that it was as bright as the moon.” 

A description of the meteor, as seen at NeAvcastle-upon-Tyne by Mr. T. P. 
Barkas, gives a perfectly similar account of its appearance. The meteor shot 
past Polaris, and became extinguished in the neighbourhood of /3 Cephei. 

(4) 1866, November 20th, 4“ a.m. (local time), Nashville, Tenn. U.S.A. 

Extract from the Ncav York ‘ World,’ 24th November. 

^^Meteorological Fhenomenon . — At Nashville, about four o’clock last Tues- 
day morning [the 20th of November 1866 J, a meteor lighting the whole 
heavens was seen in the direction of Home, Ga., moAung rapidly south-west. 
It appeared like a ball of fire as large as the sun. It exploded apparently 
ten miles off with a tremendous report, like a 40-lb. cannon, that shook the 
earth and made the Avindows rattle.” 

The “ phenomenon,” if it actually took i^lace as here described, forms an 
addition to the list of detonating meteors happening about the 20th of No- 
vember, already enumerated in previous Eeports (British Association Report, 
1866, p. 125). 
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(5) X867, Juno lltU, p.h., G. M. T. (Franco and Switzerland). 

Accounts of this meteor- were collected by Professor Ed. Hagenbach-Bisr 
choff at Basle, and by M. W. de Fonvielle at Paris. The following description 
of its appearance, first ascending vertically and then slightly falling, at Basle 
shows that a projection of its course prolonged, would pass nearly through 
that town. 

Bade, June 13th, 1867. — I stood with a telescope on the ^ Bruderholz,’ 
near my house at Maddrg, when the meteor made its appearance. As soon 




Fireball of Juno 11th, 1807; and appearance of the streak, as observed in the telescope, 
at Basle, by H. Christ. 

as it appeared, directly over the middle of the forest, I pointed the telescope 
to it and examined therewith the successive changes of the white, semitrans- 
parent, faintly luminous cloud which it left for the space of about an hour. 

Immediately after the disappearance of the nucleus (which rested like a 
fixed star at the summit of its course for about half a second, fig. 1) there re- 
mained at the spot a small globular cloud (fig. 2) which rapidly extended itself, 
as if dissipated by an upward current of air, as in fig. 8. 

“ It then took the form of a winding, riband-like, or irregularly spiral curve 
(fig. 4), which it preserved for the space of about half an hour, and at last 
^adually assumed the cirrus-forms shown in figs. 6 and 6, and disappeared 
in the approaching darkness after nine o’clock. The accompanying figures 
are exact and careful representations of its successive transformations. One 
remarkable feature of the phenomenon was that the originally deposited 
small globular cloud of vapour remained visible for a long time, as showm in 
figs. 3 and 4, at the basis of the streak.” (Report of H. Christ to Professor 
E. Hagenbach-Bischoff.) 

Excellent bearings of the meteor taken in the neighbourdood of Basle en- 
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able Professor Hagenbacb to fix the summit of its apparent path at that place 
at 12|° above the horizon, 45° west from north, in the direction of Dunkirk, 
Oise, Aisne, Mouse, and Marne in the I^'orth of Prance. 

The meteor was seen in daylight at Paris proceeding almost horizontally 
at an altitude of about 22^°, from 3° west to 34° cast of north (Comptes 
Rendus, 24th June, 1867)*. Comparing together the observations at Basle 
and Paris, Professor Hagenbacb concludes that the meteor moved from over 
Dunkirk to over the neighbourhood of Cambray, in the Departement du I^^ord 
at a height of between sixty-five and eighty-five miles above the earth in a 
direction from north-west towards south-east. 

The following observation at 8t. Quentin, in Aisne, twenty-five miles south 
of Cambray, shows that the meteor continued its course still further towards 
the cast, and probably passed a short distance south of St. Quentin; and of 
the course assigned to it by Professor Hagenbacb. 

A very small point of crimson-red light was first seen, appearing in 
the east and proceeding rapidly north- 
wards, as from a to in the figure 
(No. 1). It then changed its appear- 
ance to a fiame-coloiir, and suddenly 
altered its direction at an obtuse angle 
descending towards the west of north, 
as from d to c, and gradually became extinguished. Its duration was about 
two seconds. After its disap- 
pearance there remained in the 
sky, traced with wonderful di- 
stinctness, a bright white streak 
in the form of fig. 2. In the 
course of ten minutes its lines 
grew wider and became diffuse.” 

(Report of Hormisdas Leblanc, 

Mayor of 8t. Quentin, to M. W. de Ponvielle.) 

The sudden change of course, noticed by M. Leblanc, was probably attended 
by a detonation ; for at Braine sur Yiste, near Soisson, in Aisne, about thirty 
miles south of St Quentin, M. Ed. Lainney reports to M. de Ponvielle : — 

Walking in the fields at about eight o’clock on the evening of the 11th 
of June, we heard a heavy report like that of a distant mine exploding, or of 
a battery of cannon fired off in the distance. Twenty miles from this place, at 
Presnes, a luminous meteor was seen moving from N.W. to S.E., audit burst 
with a loud explosion.” 

Distant views of the meteor were obtained in the Cote d’Or and in Haute 
Marne, which confirm the other accounts of the long duration of the smoke- 
like train, and afford some more details of the position of the meteor. The 
first of these reports is by M. L. Roussy, chronometer-maker to the Toulouse 
Observatory, whose acquaintance with the writings of M. Petit on the sub- 
ject of luminous meteors led him to observe the phenomenon with particular 
attention. 

I was in the train which had just left the station near Dijon (Cote d*Or) 
returning to Paris, and leaning against the window on the right of the train, 
when at 9^ (Paris time) I perceived a luminous streak of very intense 
light preceded by an advancing fireball, of which the accompanying figure 

* M. J. J. Silbermann, who saw the meteor from the Coll4ge de France, thought that 
its altitude was “about 60®” (Letter to M. de Ponvielle); and other accounts at Paris 
assign intermediate heights to these. 
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(fig. 1) ie a rough sketch. A break in the streak about the middle of its 

Fig. 1. 



Morizon 


length showed a point where the fireball, on arriving fi om A to B, must have 
undergone a partial extinction for an instant before acquiring again the splen- 
dour with which I saw it in its course from E to C. At the latter point it 
disappeared, as shown in the figure, with a shower of sparks at about 31° 
or 32° above the horizon. 

‘^During the space of eight minutes the train of light preserved its foim, 
while its brilliancj at the same time gradually decreased. It then grew more 
diffuse, both lengthening and widening, and undergoing a deformation of its 
shape at the ends, which folded Fig. 2. 

in upon themselves thus — (see 
fig. 2). It still continued to in- 
crease in length and volume, and 
to move pretty rapidly towards 
the west, while the changes of 
its shape continued. At nine o’clock it was still visible with its original 
brightness, and having now the shape shown in fig. 3, which it preserved 

Fig. 3. 

iC 


until it vanished. Its colour at this time resembled that of steam from the 
funnel of a locomotive engine discoloured by coal-smoke. The point a formed 
the apex of a triangle where two lines of the streak ah, a c met together 
without any portion of the streak between them. At 9^* 5'“ p.m. a star (E) 
a little over, and to the right of the sunset made its appearance, and by its 
aid the gradual motion of the streak towards the west was easily perceived. 

I expected that from the great height at which the streak was probably 
placed, it would still continue to be illuminated for a much longer time, but 
it gradually disappeared at the same time that the stars began to make their 
appearance in the sky. 

At 9^" 15'" P.M. the length from a to E was three times the length which 
the streak had whenit was first deposited.” 

At Vignes (Haute Marne) the meteor appeared in the north-west and 
moved slowly and nearly horizontally at a small aj^parent height above the 
horizon from north-west to south-east. It was brilliant white, and disap- 
peared in ten or twelve seconds without explosion, leaving a white streak cf 
light, which at first had the appearance represented in fig. 1, which it pre- 
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served for some minutes. The streak then expanded, and became bent and 

Fig. 1. 



Fig. 


2 . 


rig. 3. 




twisted without losing its bright and dense appearance into the form of fig. 2. 

Ten or twelve minutes after its first appearance its form was that of fig. 3. 
It was now drifting slowly from the cast towards the west, and without 
losing anything of its sharpness of definition and bright white appearance it 
was hidden behind a cloud, fifteen or twenty minutes after the time of its 
first appearance. (Eeport of M. Gilbin to M. de Fonvielle.) 

The accounts of numerous other observers in Paris, Bheims, and Strasbourg, 
in France, at Luxembourg, and at Geneva, Bern, Zurich, and Lielthal, in Swit- 
zerland, as well as at Lindau on the eastern shore of the Lake of Constance, 
testify to the same general appearance of the meteor, the occurrence of which 
near the date of the 9th of June, marked in the present year by the fall of 
an aerolite ^oticed in the next paragraph) in Algeria, and in 1866 by the 
stonefall of Knyahinya, appears to connect it with the same aerolitic period to 
which the latter meteorites belong. 

III. Aerolites. 

1867, Juno 9th, 10^ 30"" r.M. (local time). Plain ofTadjera, Araer Gue- 
bala, near Setif, Algeria. 

A luminous body was seen to descend towards the earth, and when arrived 
at a certain height to burst into fragments. The flash of light was followed 
by rumbling noises, which ended in three loud reports, and were attended 
bj’^ a fall of aerolites. Three stones, wliich aro undoubted meteorites, were 
afterwards picked up, and brought to Setif, which is ten miles from the place 
of fall. A fragment, which is deposited in the museum at Algiers, is placed 
at the disposal of the French Academy. (CoraptesBendus, August 5th, 1867.) 

ly. Suower-Meteoes. 

Meteoric shower of October 18th to 20th, 1866. 

In these Beports for the year 1847, the following observation occurs, 
which refers to an abundance of meteors about the date of the 17th to the 
26th of October, seen at Whitehaven by Mr. J. F. Miller, in the previous 
year : — 

never saw more meteors than this winter. From October 17th to 
December 17th they appeared in great numbers every clear night, some as 
large as Jupiter. The most remarkable were between October 17th and 26th, 
and on November 10th, 11th, and 12th.'' 



eepoiiij^1867* 


The obclirreiice of a inetooric shower with a very pl'Ocise and well-defined 
radiant-point at v Orionis on the 18th of October 1864 and 20th of October 
1866, was noticed in these Eeports (for 1865, p. 122 ; and 1866, p. 134), 
and the remarkable peculiarity of meteors emanating from this radiant-point 
was pointed oat, that they are characterized by very ruddy colour, and by 
leaving voluminous streaks. 

On the nights of the 18th-20th of October 1866, the sky was so gene- 
rally overcast in England that no special observations of the recurrence of 
the shower could be collected. An incidental confirmation of the periodical 
recurrence of remarkably fine meteors on this date is, however, afforded in 
the present catalogue by the account of an unusually large meteor, seen at 
sea between England and Ireland, on the morning of the 19th of October 
1866 ; and described by Mr. J. Seymour Davies. The fireball presented 
precisely those peculiar features which characterize the meteors emanating 
from this special radiant-point, both by its violet colour, approaching to 
crimson, and by leaving a persistent luminous streak, which remained 
visible five minutes by the watch. The direction of the meteor, from south 
to north,’' also agrees with that which meteors passing nearly overhead from 
this radiant-point would pursue at a.m. (which was the hour of the obser- 
vation), when the constellation of Orion, in which the radiant-point is placed, 
is situated upon the southern meridian. 

Meteor-shower of November 13th-14th, 1860. 

On the night of the 12th-13th of November the densely overcast state of 
the sky in England permitted few observations to be recorded. 

At the Observatory, King’s College, Aberdeen, five observers took their 
station at 10** p.m., and watched, until 1** 30’“ a.m. on the 13th. Mr. D. 
feUll reports : — 

The sky was beautifully clear, excepting a low bank of cloud, which 
i^xtended all round the horizon. At 12** 60"’ small patches of cloud appeared 
in different parts of the sky, but entirely disappeared by 1** 30"’ a.m. Btreaks 
of aurora appeared irregularly throughout the w^hole night. 

“ Comparatively few meteors with trains were observed on this evening 
and the following morning, most of the phenomena partdking more of the 
appearance of ordinary shooting-stars. In the accompanying journal their 
general position only is noted.” 

The particulars of a few meteors of a marked description are entered 
above, in the Catalogue. The numbers of the meteors seen in the successive 
half hours by the five observers were as follows ; — 

hm hm hm hm hm hmmh 

In the half-hour ending 1030 no 11 30 120 12 30 10 130 

Number of meteors seen 4 2 12 12 7 8 7 

Two flashes of lightning, in the S.S.E., were seen at 1*’ 1*“ and 1*’ fi"* 43® 

A.M. 

At Glasgow, with the sky two-thirds clear, Mr. A. S. ITerschel recorded 
two meteors in tWbnty minutes on the same morning, from 3*’ to 3*’ 20’“ a.m. 

November 13th— 14th. — Clouds generally prevailed on the evening of the 
13th, and cleared off on the morning of the 14th of November. The follow- 
ing are extracts from the principal reports on the apparition of the shower : — 

At Manchester . — The night was tempestuous, with lightning, rain, and 
hail until 12*’ a.m. on the 14th, after which the sky frequently became 
partially, or even totally obscured at intervals, but remained tolerably clear 
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until 30“ A.M. Tlie finest part of the display endured from 12^ 46“^ until 

15“ A.M., when the numbers seen fell oft most rapidly, contrary to the 
ordinary rale of horary increase y until 4 o’clock a.m. As far as I can esti- 
mate, ‘the number seen by one person about 1 o’clock must have averaged 
about 50 in one minute. At 45“ I counted 50 in six minutes, and at 
3 o’clock only 15 in five minutes ! 

There was rather a remarkable glare during the display, and the sky i^as 
not nearly so dark as it should have been.” (Letter from Mr. Greg). 

lleport of Mr. Dancer, optician and practical astronomer, of Manchester, to 
Mr. Greg, — Meteors, Morning of November 14th, 1866, Manchester. 

No. of meteors 

Interval. seen. Kemarks. 

From 12^' 37“ A.M. to 12^ 53“ a.m. 16*^^ 146 3 observers. 

„ 12'^ 59“ „ „ P 0“ „ 62*^ 100 2 „ 

At 2'‘ 15™ „ 5“ 06 3 „ 

“ The largest seen had a purplish train and colour. 

“ One gentleman, in a very favourable position in Cheshire, reports fiftebh 
meteors seen at once.” (Communicated by Mr. Greg.) 

BJaclcharny Lancashire. — At 12^ 15“ a.m., meteors appeared at the rate of 
two or three per minute. At a.m., four or five conspicuous meteors were 
nearly constantly to be seen in the sky. One observer might, if his view 
wore entirely uninterrupted by clouds, see fifty simultaneously. At 2^ 15“ 
A.M. a comparative cessation. At 3*" a.m., only a few weak ones in the space 
of two or three minutes. At 4'‘, 5'^, and 6'‘ a.m. no further appearances, the 
sky becoming more permanently overcast, with few glinii^ses of the stars. 
Immediately before sunrise, the sky being clear, there were no meteors 
visible.” (From the Manchester ^ Examiner and Times.’) 

Beeston Observatory , Nottingham. Extract from Mr. Lowe’s observa- 
tions : — The first meteor seen was at 59“ p.m., on the N.E. horizon, 
large and bursting like a rocket. From 8*‘ until 10^ p.m. much cloud. From 
lO'^ P.M. until 11^ P.M. cloudless, twelve small meteors seen. Between 9*^p.3il. 
and 11^ P.M. six flashes like faint reflected lightning *, At 10‘* 36“ p.m. an 
indistinct meteor, a mere dull spark, moved from N. to S. horizontally (this 
was evidently very low down, as a hill behind it was higher than the meteor. 
It was impossible to be deceived in this, and I consider that it passed withih 
100 j^ards of me). The sky was again cloudy until nearly half-past 1 o’clock 
A.M., but quite light from the meteors, 
h m 

‘‘ About 1 20 A.M. I counted myself 104 in a minute, 

atl 30 „ „ „ 100 

at 1 50 „ „ „ 80 „ 

at 3 30 „ they had diminished to 6 „ 

and at 4 30 „ „ „ 4 „ 

I watched all through the night before, and we had three different thnes 
clear sky of from 20“ to 30“ duration between heavy showers, but hot a 
single meteor was seen ; and on the night following the showbr, Wheh 
clear, there were but few seen here.”| 

Oundle. — Beport of H.Weightman: — On the night of the 12th, although 
keeping a strict watch between 6^ 30“ and 7^ 30“ p.m., and agaih between 
8*^ 30“ and 9^' 30“ p.m., I saw no meteor. I watched again in the opeh air 

* “ The lightning flashes had not the looks of lightning. Was it reflected meteor 
lights’ 
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from 11 p.M. until 5^ a.m., on the morning of the 14th, and recorded the 
following numbers : — 


Hour. 

Numbers 

seen. 

Average number 
per minute. 

Remarks. 

to 12^^ P.M 

P.M. „ 12 *^ 35 *»A.M 

j2h 35m a.m. to 12^* 50“ A.M. 

(Their number tt 
4*^ A.M. to 

75 

500 

500 

len became 

1 5° 1 

I 

14 

33 , . 

i too great to admit 

I 

Some time lost in preparations. 
Several observers on the watch. 

11 ft 

of being counted.) 

1 Several observers on the watch 


A few flashes of sheet lightning occurred at intervals. From 1*" to 
I*' 15"^ A.M., during which time I should think that the meteors were most 
plentiful, an intensely dark cloud gradually overspread the heavens, but 
went off again very quickly. The effect produced by the meteors seen 
through the breaks was very striking.” 

Wisbech, Cambridgeshire. — The numbers registered during the night of 
the 13th-14th, by Mr. S. H. Miller, with the assistance of Mr. J. Kerridge 
and Mr. T. Williams, were — 


Hour, C. M. T. 

Number of 
meteors 

seen. 

Average 
number per 
minute. 

Remarks. 


h 

m 

h 

m 




From 1 1 

0 p.M. to 

12 

0 A.M. 

30 

1 

Floating clouds in the sky. 

»» 

J 2 

0 „ 

1 

0 „ 

452 

8 

r A gale of five pounds’ pressure 








J springing up with clouds and 

»> 


0 ft 

1 

10 „ 

4 ^ 

4 

j rain. Meteors in rapid sue- 








k cession seen through breaks. 

ft 

I 

29 »» 

2 

0 ,, 

199 

7 









/Frequent clouds. Lightning 

ft 


0 ft 

3 

0 M 


4 

\ was seen, of a ruddy hue. 

tt 

3 

0 

4 

0 M 

162 

3 

Floating clouds. 








f The sky after this became over- 

ft 

4 

0 ,f 

5 

0 » 

45 

I 

\ cast ; with ram. 



Total number seen 

1157 




On the night of the 14th~15th, which was much more favourable for ob- 
servations, there were few meteors seen. 

At Norwich , — Keport of Mr. J. Crompton, assisted by Mr. K. Finder : — 
Clouds passed constantly from N.W. to S.E. during the evening of the 13lh. 
Lightning was seen near the 8.E. horizon, but no thunder was audible. A 
splendid meteor passed from east to west at 9** 30“. 

From ll*' 55“ to 12^ 55“ we counted 193 meteors. Average 3 per 
minute. At that time the sky was overcast. By 1*^ 30“ it was clear in the 
south (S.E. to S.W.), though still cloudy in the N. and N.E. From 1^ 30“ 
to 1^ 45“ A.M. we counted 350 meteors at least. Average 23 per minute. 
They appeared in rushes of 3, 4, or 5 at once. Several were visible through 
the fleecy clouds. Had the sky been clear all the time, I verily believe that 
we should have counted thousands. Gathering clouds drove us in with rain, 
at 2^ 15“ A.M. However, at a later hour it cleared somewhat, and I saw 
several more following the tracks of their predecessors.” 

At Ayhham, Norfolk. — Mr. W. H. Scott reports that on the morning of 
the 14th, ‘‘ at 1*^ 15“ a.m. there was for about 10 minutes a perfect shower of 
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meteors. In 60 seconds I counted 28, although my place of observation was 
shut in by a house on one side. The least number that I counted in 60 se- 
conds during the time mentioned was thirteen. A dense cloud then came 
over from the N.W., and I could see no more. They were quite observable 
through the edges of the cloud when it first came over.’^ 

At Wimbledon , — A record of the number of the meteors was kept, with 
other particulars of the shower which will be given later on, by Mr. F. C. 
Penrose, assisted by one other observer. The names of the observers are in- 
dicated by the letters E. and H. in the register. 


Hour of observa- 
tion, d. M. T. 


Interval, in 
minutes and 
seconds. 


Number of meteors seen by the observers 
F. and H. looking 


South. 


North. 



h 

m 

s 


From 

12 

57 

20 

T 

to 

12 

59 

50 

; 

From 

1 

I 

5 

i 

to 

X 

2 

40 

/ 

From 

I 

10 

20 

T, 

to 

I 

12 

5 

/ 

From 

1 

16 

5<5 

; 

to 

I 

18 

20 

j 


m s 
2 30 

I 35 
I 45 


I 30 


33. H. Sky partially 
cloudy. 

24. H. Sky consider- 
ably cloudy*. 

19. F. Sky much 
clouded. 

53. F. Sky nearly 
clear. 


51. F. Sky clear. 

50. F. Sky clear. 

100. II. Sky clear. Number 
by estimation (many more 
than were counted). 

81. H. Sky clear. 


At London . — On the top of Primrose Hill, Mr. T. Crumplen, assisted by 
Mr. H. J. Wix, recorded the number of meteors seen during the shower. 
The sky was absolutely cloudless. A bright auroral glare spread itself over 
the north and north-eastern sky between 10^ and 11*^ r.M., sufficiently 
luminous to obscure the fainter stars. Occasional sheet-lightning was ob- 
served during the progress of the shower. The observers looked in opposite 
directions, and counted audibly to prevent rcdu 2 )lication. 


Hour of obser- 
vation, Nov. 
14th, A.M. 

Interval 

in 

minutes. 

Number of meteors 
seen by 

Total in all 
parts of the 
sky 

Average 
number per 
minute. 

Mr. Wix, 
looking S. 

Mr. Crumplen, 
looking N. 

h m 
From 12 
to 12 35 J 
From 2 7 1 

to 217/ 

10 

10 

196 

69 

225 

80 

421 

149 

42 

15 


The above numbers, in both cases, appear to show that more meteors were 
visible in the northern tlian in the southern half of the sky. The maximum 
was reached between 1*" and 15“ a.m., when 103 meteors were counted 
in 90 seconds in a space not exceeding one-third part of the sky, in a N.W. 
direction. 

* After this time the observers clmnged places. During the interval from 40“ to 
2** A.M. there was a comparative absence of meteors. Soon afterwards the sky became 
much overcast. 

1867. 2 D 
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At HawTchurst^ Kent. — After midnight, on the morning of the 14th, the 
sky was nearly cloudless. One obserrer, looking towards the north. 

From 12^ 0“ to 12^ 5™ a.m., counted 25 meteors. Average 5 per min. 
From 12*^ 48“ to 12*^ 50J a.m., „ 68 „ „ 27 

Flashes, like faint lightning behind a small cloud, occurred at 12^ 35“ a.m., 
and another later on. A third was seen about 2*^ 80“ a.m., which could not 
be traced to any spot. 

At Cowes, Isle of Wight. — Report on the meteors of the 13th-14th of 
November 1866. (“ The Times,” Nov. 16th.) 


Hour of obserra- 
tion. 

Interval, 

in 

minutes. 

No. of 
meteors 
seen. 

Average 
No. per 
minute. 

Remarks. 

From 

To 

h in 

h m 





II 30 

12 0 

30 

66 

2 


12 0 

30 

30 

200 

7 


30 

CO 

20 

201 

10 


50 

58 

8 

190 

24 


58 

i 2 

4 

*01 

50 


2 

5 

3 

206 

70 


5 

10 

5 

214 

42 


10 

II 

I 

100 

100 


1 1 

13 

2 


103 

Rate of apparition now too great for 




j 206 


the meteors to be counted for some 






minutes. 

1 50 

1 54 

4 

CO 

00 

21 

At I** 30“ rain fell sharply. 

2 20 

a 35 

15 

73 

5 i 

Rain fell again during the last in- 

at 

3 15 




terval. 

at 1 

5 0 1 


none seen 

2 or 3 1 



At Sidmoxith, Devonshire. — Report of Mr. H. S. Heinecken on the meteor^ 
shower of the 13th-14th of November 1866. 

The sky was overcast, with frequent showers, until 12*^ 8“ a.m,, and again 
from a quarter before one to one o^clock. At one o^clock it cleared for about 
ten minutes, and after this it only cleared again at intervals throughout the 
night. Three observers looked due north, east, and south, through the closed, 
sloping windows of an observatory, which exactly faced in those directions, 
and obtained the following enumerations : — 


Hour of observa- 
tion, Nov. 14th, A M. 

Interval, 

in 

No. of 
meteors 

Average 
No. per 

Remarks. 

From 

To 

minutes. 

seen. 

minute. 

h ms 
12 8 10 

h m B 
12 45 0 

m B 
36 50 

457 

12 

Three observers, looking N., E. and S. 

I 0 0 

I 10 0 

10 

130 

13 

Two observers only, looking E.and S. 

0 

0 

M 

CO 

3 20 oj 

10 1 

31 

3 

Do. 


At 5^ 10“ A.M. the sky was suddenly illuminated by a flash of lightning; 
but the light was of longer duration, and the meteor (if such was the cause 
of it) was not seen. 

Bathwkh Hill, Bath. — Report of Mr. W. Dobson, on Meteors observed 
at Bath. Nov. 14th, 1866.” 
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Hour of observa- 
tion, Nov. 14th, A.M. 

Interval, 

in 

minutes. 

No, of 
meteors 
seen. 

Average 
No. per 
minute. 

Remarks. 

From 

To. 

h m 

h m 





12 0 

12 15 

15 

75 

5 


^5 

30 

15 

124 

8 


30 

43 

13 

221 

15 


* 5 

I 10 

5 

222 

44 

Sky overcast with clouds since the 

10 

J5 

5 

260 

52 

last interval. 

15 

20 

5 

214 

43 


20 

25 

5 

163 

33 


25 

30 

5 

103 

21 


30 

35 

5 

62 

12 


35 

40 

5 

60 

12 


40 

45 

5 

44 

9 


45 

50 

5 

43 

9 


50 

2 0 

10 

35 

7 


2 0 

5 

5 

45 

9 


5 

10 

5 

44 

9 


TO 

20 

10 

24 

5 

1 


The numbers were counted by Mr. Dobson when not occupied with observa- 
tions at the telescope ; when thus employed, another observer took up the 
numbers, and continued to register the meteors. 

At Birmingham , — Beport of Mr. W. H. Wood on the November meteors 
of 1866, at Birmingham. 

Numbers counted in one-third of the heavens, containing the radiant- 
point, by Mr. Wood, observing singly. 



Hour of observa- 

Interval, 

No. of 

Average 


tion, Nov. 

in 

meteors 

No per 
minute. 

Bern arks. 


From 

To 

minutes. 

seen 



h m 

h m 





13 

10 41 P.M. 

11 15 P.M. 

34 

8 

0 

Paths and particulars mostly 





noted. 


II 15 

34 

19 

2 

0 

Amount of cloud jf. Light- 





ning in N. at 10** 57“. 


34 

55 

21 

6 

0 

Amount of cloud J|. 


55 

12 0 A.M. 

5 

I 

0 

Overcast, rain, uloud 

14 

12 OA.M. 

10 

10 

9 

1 

Cloud i. 

10 

22 

12 

16 

li 

Then cloud, 


22 

26 

4 

9 

2 

Cloud, 


26 

28 

2 

8 

4 



28 

33 

5 

34 

7 

Sky clear, and remained so 


33 

36 

3 

21 

7 

till 2^ 25”S then cloudy. 


36 

39 

3 

32 

II 

The rate of apparition is 


39 

43 

4 

52 

13 

now so great, that only 


43 

45 

2 

37 

18 

special phenomena are re- 


45 

56 

T 1 

255 

23 

[ corded. 


I 25 

1 29 

4 

87 

22 



35 

41 

6 

60 

10 



41 

1 47 1 

6 

56 

1 9 



55 

57 

% 

16 

i 8 

[in N. 

Sky hazy. Clouds gathering 


57 

2 10 

2 4 

14 

7 

4 

18 

10 

i 

2i 


20 

23 

3 

5 

I 

Cloudy. Observations dis- 




1 


continued. 


2d2 
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“ STumber of meteors seen, in. half hours, in a third part of the sky. 



h m 

h m 

h m 

h m 

h m 

Total. 

In the half hour ending 

12 30 

1 0 

1 30 

2 0 

2 30 


Number of meteors seen 

56 

510 

684 

308 

70 

1628 

Estimated, for all the sky 

170 

1540 

2050 

920 

210 

4890 


Time of Max., P 0“ a.m. — 1^ 25™ a.m., No. for all parts, not less than 70 p. min. 
Hour of Max., 12^ 30™ A.M. — 30™ a.m., „ „ 3590 meteors.” 


At Aberdeen , — Report of Mr. D. Gill to Professor Grant, on the meteors 
of the evening of Tuesday the 13th of November, and morning of Wednesday 
the 14th of November 1866. 

‘‘Two observers took their stations at 10^ p.m. 

“ The evening was beautifully clear. A low bank of clouds surrounded 
the horizon to a height of 3° or 4° ; but this soon cleared off. 

“ A breeze from the west became stronger as the night advanced, but no 
cloud appeared until 2*" 30“ on the morning of the 14th, and by 3 o^clock the 
sky was totally obscured. Aurora was visible in regular rays from the north. 

“ From the accompanying journal, giving details of observations up till 
12*" 48^“ A.M., it will be seen that the number of meteors seen in the previous 
minute was 200. 

“ From this time meteors, generally with nuclei of the brilliancy of Yenus, 
and apparently emanating from Leo, shot out in all directions in such great 
numbers as to defy computation. 

“By 1^ 30“ the numbers had so fallen off that from that moment 100 
were counted in 3“ 57® (about 25 per minute), and at 2^ the same number 
in 5“ 20®, or a little less than twenty per minute. The following is a list of 
the numbers visible as observed : — 


Evening of 13th November. 

1 Morning of 14th November. 

Hour of observa- 
tion, P.M. 

Total No. 

1 

Number j 

Hour of observa- Total No. 
tion, A.M. from lo'* 

Average rate 

From 

To 

P.M. 

minutes. 

P.M. on 

From To the 13 th. 

per minute. 

h m 

j h in 



h m s h ms 


10 0 

10 15 

2 

2 

12 0 012 7 30 100 

3 

10 15 

30 

5 

3 

7 30 18 30 200 

9 

30 

45 

10 

5 

18 30 24 30 300 

1 UTiifnriYi 

45 

II 0 

17 

7 

24 30 30 30 400 

^7 J ****** wX IXJ • 

11 0 

1 15 

29 

12 

30 30 34 0 500 

3 ® i uniform 

15 

30 

38 

9 

34 0 37 30 600 

30 J 

30 

45 

53 


t 37 30 40 0 700 

40 

45 

12 0 

85 

32 1 

40 0 45 30 900 

45 30 47 3c loco 

45 

50 


-fj -r/ j'' 

At I** 30™ A.M., av. rateper min 25. | 47 30. 4 ^ 3 ° ^00 

„ 2^ o™ ,, ,, ,, 20. 


“ A very striking feature is the markedly rapid increase compared with 
the gradual decrease. A curve representing the observations would indicate 
bands, or periods of uniform numbers.” 

At Glasgow , — After midnight, until 1 o’clock, passing clouds from the 
west occasionally obscured the sky. From 1 o’clock until after 3 o’clock a.m., 
the sky was perfectly free from clouds. The rate of apparition of the me- 
teors was registered at intervals throughout the shower by Professor Grant, as 
given in the subjoined list. Some notes of their numbers from Mr. Herschel’s 
observations are also placed in the register, and are denoted by the letter H. 
Those numbers observed by Professor Grant are designated by the letter G. 
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Hour of 
observa- 
tion, A.M. 

No. of meteors 
per minute. 

Hour of 
observa- 
tion, a.m. 

No. of meteors 
per minute. 

Hour of 
observa- 
tion, A.M. 

No. of meteors 
per minute. 

h. m, 
12 15 

12 45 

I 0 

2 estimated. H.* 
12 do. H.* 

25 do. H.* 

h. m. 

I 10 

1 15 

I 20 

I 25 

I 30 

56 counted.H. 
57. a. 

43. G. 

30. G. 

43 in 2™. G. 

h m 

1 35 

2 4 
a 34 

3 0 

4 30 

2 1 counted. H. 
13. a 

3 in 2“ count. H. 
2. G. 

1 in 2™ or 3™. G. 


At about 12*^ 30“ a.m. an extremely vivid flash of lightning was observed, 
which could not be traced to any cloud, nor to any meteor then visible in 
the sky. The last observations were made at 5 o’clock a.m., and the heavens 
had then resumed their normal aspect. 

At Sunderland, Durham. — lleport of Mr. T. W. Backhouse on the I^ovcmber 
meteors, 1866, as seen at Sunderland. 

“ I looked out for meteors now and then on the morning of the 13th, but 
saw none. It was mostly cloudy. 

“ On the evening of the 13th I looked out frequently for meteors until 
after 10*" r.M., but saw only one, at 8*" 23“. 

On the following morning I watched from 12*" 15“ to 3*" 35“ a.m. The 
night was splendid, though there were often small clouds ; but I do not 
think that they at all affected the number of the meteors that 1 counted. 
It was windy. I saw a flash of distant lightning, unless it was the light of 
a meteor below the horizon. There was a very faint aurora of an irregular 
kind. I counted the meteors now and then, aJid saw 
a out of a S.W. window. 

h out of an E. window, which commands not quite so much of the sky 
as the S.W. window. 

r, d, e out of doors ; c looking towards y Geminorum ; d towards 
Capella ; and e in different directions. 

‘‘ The most that I ever counted visible at once w^as six meteors. It was 
between 12*" 52“ and 12*" 53“ a.m. At 12*" 31“ I first saw three at once.” 


Hour of observation, 
Nov. 14th A M 

Interval in 
minutes and 
seconds. 

Number of 
meteors seen. 
ah c d e 

Average rate 
per minute. 
a h c d e 

From 

To 

h m s 
12 32 0 

39 0 

52 0 

1 8 25 

26 53 
29 50 

34 35 
42 50 
5^ 0 

2 26 25 

3 4 33 

15 0 

31 45 

6 16 ot 

h m 8 

12 34 45 
40 45 
53 0 

/ I 10 5 

tor? 9 5! 

27 57 
31 10 
35 35 
45 3 

57 0 

2 28 45 
380 
18 45 
33 35 

6 18 45 

m 8 

2 45 

I 45 

I 0 

I 40 

or ? 0 4ot 

I 4 

I 20 

1 0 

2 13 

5 0 

2 20 

3 27 

3 45 

1 50 

2 45 

..20 . ... 

40 

^5 

} 4 - 

3 ' 

.. 30. ... 

35 - 

30 .-- 

39 

10 

10 

.. 11 

4 

1 

• 7 

^3 

^5 

1 25 (or ? 6it ) 

* ^9 

.. 22 

... 35 .... 

14 - 

8 

4 

3 

• 3 

2 

0*4 


These numbers were recorded, from recollection of the appearance of the meteors, im- 
mediately after the cessation of the shower. 

t Conflicting journal entries make this statement doubtful. 

J Approaching twilight made stars below the third magnitude invisible. 





890 


BIPOET— 1867 . 


At FlimweUj Hurstgreen, Sussex.— Mr. Hewlett obtained an uninterrupted 
view of tbe shower from an elevated situation near his residence, with a per- 
fect view of the horizon on all sides. The numbers which he reckoned, 
although higher than those of the foregoing estimates, were fairly counted, 
and indicate the time of the maximum with considerable precision. Two 
observers looking towards opposite directions counted aloud to prevent redu- 
plication, and as each counting of meteors was registered, the time by a chro- 
nometer was taken as nearly as possible. The error of the chronometer, if 
any, can hardly have exceeded one minute. 


Dats, 

1856 , 

Nov. 

Hour of 
obierva- 
tion, 
G.M.T. 

Interval, in 
minutes 
and 

seconds. 

Number 
counted 
in the 
interval. 

Average 

rate 

per 

minute. 

Date, 

1865 , 

Nov. 

Hour of 
observa- 
tion, 
G.M.T. 

Interval, 
in minutes 
and 

seconds. 

Number 
counted 
in the 
interval. 

Average 

rate 

per 

minute. 


h m H 

m 

s 










P.M. 13th 

ti 54 0 





A.M. 14th 

5 

30 

0 

30 

100 

200 



to 






6 

30 

I 

0 

100 

100 


A.M. 14th 

12 14 30 

20 

30 

100 

5 


7 

30 

I 

0 

100 

100 



20 

5 

30 

50 

9 


8 

0 

0 

30 

100 

200 



26 

6 

0 

50 

8 


8 

30 

0 

30 

100 

200 



30 

4 

0 

100 

as 


9 

30 

1 

0 

100 

100 



35 

5 

0 

100 

20 


10 

0 

0 

30 

100 

200 ^ 



39 

4 

0 

100 

as 


11 

30 

I 

30 

100 

66 


42 

3 

0 

100 

33 


12 

30 

1 

0 

100 

100 


45 "^ 

3 

0 

100 

33 


14 

30 

2 

0 

100 

50 


46 30 

I 

30 

100 

66 


15 

30 

I 

0 

100 

100 


48 

I 

30 

100 

66 

i 

16 

30 

1 

0 

100 

100 


SO 

2 

0 

100 



18 

0 

I 

30 

150 

100 

i 

51 30 

I 

30 

100 

66 


19 

0 

I 

0 

100 

100 


52 30 

I 

0 

100 

100 


20 

30 

1 

30 

200 

133 


54 0 

I 

30 

100 

66 


as 

0 

4 

30 

250 

56 


55 0 

I 

0 

TOO 

100 


26 

30 

1 

30 

100 

66 


56 0 

I 

0 

100 

100 


28 

0 

1 

30 

100 

66 


58 0 

2 

0 

100 

50 


3 » 

0 

4 

0 

100 

as 


59 0 

I 

0 

100 

100 


5 * 

0 

19 

0 

0 

0 

- i - 

53 


110 

2 

0 

100 

50 


55 

0 

4 

0 

lOOj 

as 


2 0 

I 

0 

100 

^ 100 


a 3 

30 

8 

30 

100 

12 


2 30 

0 

30 

100 

200 



15 

0 

II 

30 

100 

9 


3 0 

0 

30 

100 

200 



27 

30 

12 

30 

100 

8 


4 0 

I 

0 

100 

100 



2 40 

0 

12 

30 

100 

8 


5 0 

i 

0 

100 

100 










The watch was then suspended until 4” 5”^ a.m. 


A.M. 14th 

4 5 

0 





A.M. 14th 

17 0 

7 0 

20 

2f 


to 







28 0 

II 0 

*9 

I-l. 


29 

0 

24 

0 

50 








5a 

0 

as 

0 

50 

n 







5 10 

0 

]8 

0 

20 








The numbers projected on a curve (fig. 1) show that the observer’s station 
traversed the richest portion of the zone of meteors between 1^' 2® and 1** 10“ 
A.M. on the morning of the 14th of November 1866 ; and that lesser max- 


* From this time attention was almost exclusively confined to merely counting the meteors 
without continuing to record their apparent paths amongst the stars. 

t These 600 were counted by one observer during the other’s absence. Two observers 
might have counted 1000, or 63 per minute. 

I Began again to have time to record the apparent paths of the meteors amongst the 
stars. 
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ima of the display also occurred about 12’* 50“*, I** 20“*, and 1** 40"* a.m. during 
the progress of the shower. 


Pig. 1. — Bate of apparition per minute of meteors observed by Mr. Howlett 
at FJimwell, near Hurst Green in Sussex, on the morning of the 14th of 
November 1866, with one assistant. 



At Leyton, Essex. — The total numbers of meteors and their average fre- 
quency per minute, in successive five minutes on the morning of the 14th of 
November 1866, as observed at Mr. Barclay’s observatory at Leyton, are 
thus stated by Mr. Talmage : — 


In the five minutes 
ending at 

Total 

number 

counted 

Average 

number 

per 

minute. 

In the five minutes 
ending at 

Total 

number 

counted. 

Average 

number 

per 

minute. 

h m 

Nov. 14th 12 57 A.M. 


a 3 

I h III 

Nov. 14th I 37 A.M. 

109 

22 

X 2 

125 

as 

42 

57 

II 

7 

231 

46 

47 

55 

1 1 

12 

3 H 

64 

5a 

31 

6 

17 

239 

47 

57 

22 

4 

22 

114 

43 

2 2 

28 

6 

27 

147 

29 

7 

37 

7 

I 

104 

21 

2 12 

20 

4 


The numbers projected, like the former, in a curve show that the greatest 
frequency of the meteors at Leyion, on the morning of the 14th of November 
1866, took place at very nearly ten minutes after one o’clock, and that ten- 
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dencies to other maxima were observed at twenty minutes and thirty-five 
minutes after one, agreeing nearly with the previous curves. 

Fig. 2. — Average rate per minute of meteors observed at the Cape of Good 
Hope, and at Leyton, in Essex, November 14th, a.m., 1866. 



At of Good Hope . — lioyal Astronomical Society’s ‘ Monthly Notices,’ 

vol. xxvii. p. 66. The meteoric shower was well observed at the Eoyal Ob- 
servatory, and described by Mr. G. W. H. Maclear, commencing at 1^3® a.m. 
(Cape time), and reaching its maximum between 2^ 10"* and 2’* 13“ a.m., when 
in three minutes 200 meteors were observed. 

Deducting 1** 13"* 55® (long, of the Cape of Good Hope Observatory, E. 
from Greenwich) from the hours of observation, and projecting the numbers 
of the Cape register, like the] foregoing numbers, in a eurve, it is seen 
(fig. 3) that the maximum at the Cape of Good Hope took jdace, in point of 
absolute time, about thirteen minutes earlier than at Leyton ; and the other 
inflections of tlie curve at the Cape of Good Hope are displaced from those 
at Leyton by about an equal interval. Mr. G. Forbes, of 8t. Andrews Uni- 
versity, accounts for the difference*'^ by showing that, in the relative position 
of the earth with respect to the zone of meteors on the morning of the 14th 
of November 1866, the Cape of Good Hope would touch their boundary, and 
would become plunged into the thickest portion of their stream about thirteen 
minutes before thoisamo phenomena would be perceived in England. 

At Greenwich . — Royal Astronomical Society’s ‘Monthly Notices,’ vol. xxvii. 
p. 54, — ^Tbe rate of frequency of meteors per minute at the Royal Observa- 

^ PhiloROuhical Magazino, S. 4. vol. xxxiii. p. 282. 
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toiy, Greenwich, during the night of the 13th-14th of November 1866, was 
recorded by a party of eight observers under the direction of Mr. Glaisher. 
The diagram (6g. 3) shows, in the same manner as the preceding, the average 


Fig. 3. Hours of observation, 1866, November 13-14. 



number of meteors per minute observed at Greenwich, on the 13th-14th of 
November, between the hours of 11 p.m. and 4 a.m. Besides four principal 
maxima of frequency at 12*^ 40“, 1*^ 10“*, 1** 20“*, and 1^ 50"* a.m., two other 
smaller maxima are seen to have occurred at 2** 45*“ and 3** 45*“ a.m. The 
Greenwich observations, in extenso, are printed in the Greenwich ‘ Besults of 
Magnetical and Meteorological Observations ' for the year 1866. 

At the Boyal Observatory, Greenwich, Mr. J. W. L. Glaisher recorded 
a number of the apparent paths of the meteors, amjdy sufficient to determine 
the positions of the principal radiant-point in Leo, and of two others of less 
consequence, one in Gemini and the other in Perseus. 

Among the tracks of meteors recorded by Mr. Glaisher’s staff of observers 
at the Boyal Observatory, about sixty of the apparent paths were projeoiiri 
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OR a general chart of the constellations (see figure) ♦ specially provided by 
the Committee of the British Association for this purpose, with a view of de- 

Tracks of Meteors observed at the Eoyal Observatory, Greenwich, 1866, 
November 18-14. 



termining the exact position of the radiant-point. The tracks prolonged 
backwards, with very few exceptions, pass across a small circular area, about 
10° in width, having its centre near the star x Leonis, about north of that 
star in right ascension 148° 50' (9‘* 55‘“), N. Oocl. 28°. The position of the 
small star x Leonis (Bode) is the identical place assigned to the radiant- 
point of the great November shower, in the year 1833, by Professor Twining. 

At Glasgow . — The tracks of eighty-three meteors recorded between the 
period of the greatest intensity of the shower at 1^^ 15'" a.m. and 2^ 40*" a.m. 
were projected by Mr. Herschel, with the assistance of Mr. A. Maegregor, on 
a similar chart, and indicate nearly the same position of the radiant-point in 
K. A. 149° (9** 56*"), N. Decl. 24°t. Professor Grant, by means of the same 
star-chart and with forty-three alineations, obtained for the position of the 
radiant-point R. A. 147° 35' (9^ 50*"), N. Decl. 22° 53' ; while his assistant, 
Mr. J. Plummer, with the projections of twenty-six alineations on the same 
map, found the position of the radiant-point in 11. A. 150° 30' (10** 2"*), N. 
Decl. 21° 36'. Allowing twice the weight to the former determination, the 
definitive position of the radiant-point that results from both of these obser- 
vations combined is in R. A. 148° 33' (9** 54*"), N. Decl. 22° 30'. A list of 
fifteen of these positions of the radiant-point are given by Mr. Herschel in 

* Diagram at p. 55, vol, xivii. of the ‘ Monthly Notices ’ of the Royal Astronomical 
Soci^. 

t Diagram at p. 56, vol. xrvii. of the ‘ Monthly Notices ’ of the Royal Astronomical 
Society. 
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' the origin or radiant-point 


the ^ Monthly Notices ^ of the Royal Astronomioal Society, vol. xxvii. p. 19 *> 
of which this and the following paragraphs contain the original descriptions. 

At London, — Mr. T. Crumplen and Mr. S. H. Wix report; — Watching 
carefully at 12^ 45“ to 1*" 15“, and indeed at other times throughout the 
morning, we came to the conclusion that the radiant was in the space con- 
tained between the stars x, fjL, e Leonis, at a spot indicated on the Chart ot 
the British Association as R. A. 147°, N. Bed. 24°. This was arrived at by 
observing meteors in the immediate neighbourhood of those stars, some of 
them coming almost from the very point itself, and visible only as enlarged 
stars with scarcely any perceptible train.” 

Report of H. M^^Leod ; — “ I only noticed four meteors from other points ; 
but the principal radiant-point was most clearly 
defined. 

The figure represents the six stars in Leo ; and ‘ 
the radiant-point appeared to mo to bo as near as 
possible to the intersection of lines joining the 
opposite stars of the trapezium. One very bright 
one appeared about 2^ 15m a. m., just to the right 
of the radiant-point, and burst, leaving a green 
spot which lasted about half a minute.” 

At Wimbledon, — Mr. F. C. Penrose states that ' 
in Leo was clearly between y and € ; but I 
question if a single point gives a satisfactory 
origin, and I submit that a circle of about 3° 
in diameter is more consistent with the direc- 
tion of the paths of the meteors, as P in the 
figure.” 

At Hawlchurst. — Sir John Ilerschcl laid 
down the position of the radiant-point with 
great precision on Bode’s chart of the constel- 
lation Leo on the morning of the 14th of No- 
vember, and found its ‘^longitude for 18(>6| 

(allowing 55' for precession since 1801, the 
epoch of the chart) to be 142° 20', and its lati- 
tude 10° 15' North.” (Monthly Notices of the Royal Astronomical Society, 
vol. xxvii, p. 20.) 

At Freshwater, Isle of Wight. — Mr. Pritchard, the President of the Royal 
Astronomical Society, in a letter to Mr. Herschel states that on the 14th of 
November he marked the radiant-point thus, {© Nov. 13, 1866}, ‘‘at x Leonis 
(the least bit above it) . 1 should say that it was too plain to admit mistake 

to those who looked long enough.” 

At Clifton, Somersetshire. — In a letter to ‘The Times’ (ef November 
15th) Mr. G. F. Burder writes : — “ It was especially interesting to watch the 
meteors which took their origin in the immediate neighbourhood of the centre 
from which they all radiated. With the aid of these, it was easy to deter- 
mine with exactness the radiant-point. This spot was in a line between y 
and fA Leonis, about 3° from the former, and 5^® from the latter star.” 

At Birmingham, — Mr. Wood’s report, under the head of General Remarks, 



* Two errata in that paper require correction. The positions there excluded from the 
final average are Nos. t>, 10, 11, and not Nos. 9, 10, 11, as stated. The final average in 
the paper is the arithmetical mean of the remaining twelve positions in R. A. and decli- 
nation, giving equal u^ht to every point ; and not, as there stated, the centre of a small 
circular area containing them. — A. S. H, ^ 
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contains a description of phenomena at the radiant-point. Stationary ob- 
jects continually appeared at a point situated in the centre of the quadrilateral 
y, f , fx, € Leonis, at E. A. 148°, N. Decl. 25° ; and these appeared as blue ne- 
Wous patches 3' or 4' in diameter. Meteor-streaks within a circle of 4° radius 
round this point appeared more compact and brighter than those observed 
elsewhere.” 

A printed account of the meteoric shower by Mr. D. Smith describes the 
radiant-point, or point from which the meteors emanated, as most clearly and 
beautifully kept. This point was, in the present instance, about the centre 
of the * sickle ^ in the constellation Leo.” 

At Beeston Observatory, Nottingham. — Mr. Lowe reports that At 2^ 1*”, 
and again at 2^ 9™, and at 4*" 31"^ a.m., meteors appeared on the exact radiant- 
point in Leo, blazed out, and died away without moving. I traced sixty 
meteors to ascertain the exact point, and I made it nearer e than ri Leonis. 
If a line were drawn from a to p, and another from y to c Leonis, where 
those two lines cut each other I conceived the point was close to.” 

At Wisbech, Cambridgeshire. — Mr. S. H. Miller briefly describes the radiant- 
point thus : — “ The point of radiation was manifest from the first. I should 
fix the radiant-point between y and f of Leo.” 

At Manchester, — Mr. Greg considered that the radiant-point, ‘‘ though not a 
mathematical centre-point, was very closely round the star ^ Leonis, extend- 
ing from y Leonis towards e Leonis Minoris.” 

At Svnderland , — The position of the radiant-point was determined with 
care by Mr. Backhouse, who states that the meteors belonged to two classes. 
Class I. These radiated from Leo. I carefully traced back the courses of 
fifty -four of them, and found the radiant-point to be 11. A. 9^ 57™ (148° 15'), 
N. Decl. 23° 50'. But tracing it only from those in and near Leo, between 
12** 30*** and 2** 8™ a.m., it seemed to be ll. A. 9** 5G|“* (149° 15'), N. Decl. 
23° 15' ; and from those in and near Leo between 2** 8‘“ a.m. and 3** 35™ a.m.; 
II. A. 9** 58|*** (149° 37'), N. Decl. 22° 45'.” 

Mr. J. Crompton reiiorts from Wisbech, Cambridgeshire : — It seemed as 
if we could mark out in the sky the path that they would take, or almost hang 
wires for them to run upon, so regularly did they pass over, in lines converg- 
ing backwards over a space in or about Leo. I think that we noticed only 
three which took any other or opposite direction.” 

The point of radiation during the principal part of the display on the morning 
of the 14th of November 1806, was observed in France, at Metz, by M. C. 
M. Goulier, who frequently projected it from comparison with the sky upon 
the planisphere of Chazallon. Corrected for precession since the date of the 
map (1850 0), the coordinates of the position of the radiant-point were 
B. A. 149'5 (9^ 58“), N. Decl. 23°. M. Goulier adds that ‘‘the uncertainty 
attaching to this position of the radiant-point is certainly less than one degree.” 
(fcomptes Rendus, December 1806.) 

Brlyhtness of the Meteors. 

Mr. F. C. Penrose, at Wimbledon, Surrey, reports on the morning of the 
14th, that “ at 1** 20™ a.m., or thereabouts, a verj" bright meteor passed to- 
wardls the south-west and produced a very sensible reflected light. Neither 
F. or H. saw the meteor, but only the reflected light. On looking up, the 
train was distinctly seen, and remained visible for at least two minutes by 
estimation. 

“ H. recorded one meteor, only, which was clearly brighter than Sirius ; 
and F. questions having seen any brighter than Sirius, That above men- 
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tioned (which was made known by its reflected light alone) may have ap-^ 
proached the maximum brilliancy of Yenus.” 

The meteor which appeared over Scotland at 2^ 41*» a.m., as seen by obser- 
vers watching the meteors from the top of Carlton Hill, threw their shadows 
on the ground. It was the reflected light, also, which first drew Mr. Gill’s 
attention to it at Aberdeen. 

A writer in the ‘ Newcastle Chronicle ’ states that sometimes, when two 
or three large meteors would fall straight down in a parallel course leaving 
long streams of light behind them, a greenish glare was cast around.” 

The scale of brightness of eighty- three considerable meteors, whose appa- 
rent paths were recorded at the Glasgow Observatory by Mr. Alex. 8. 
Herschel, assisted by Mr. A. Macgregor for the purpose of determining the 
radiant-point, was as follows : — 

As bright as Jupiter, or brighter . . 2 meteors = 3 per cent. 



Sirius 

■••14 „ 

= 17 „ 

99 

Ist-mag. star . . . . 

.. 39 „ 

= 48 „ 

99 

2nd-mag. star . . . . 

...26 „ 

= 32 „ 


The report of Mr. Backhouse at Sunderland contains a similar estimate of 
their brightness. 

About 50™ A.M. I tried to ascertain the proportion of meteors of dif- 
ferent magnitudes, with the result below : — 

Brighter than Ist-mag. star. . . . 2 = 7 per cent. 


— 1st „ 

. ... 4 = 14 

ft 

= 2nd „ 

... 6 = 17 

ft 

= 3rd „ 

... 6 = 20 

ff 

= 4th „ 

... 8 = 28 

ft 

= 5th „ 

... 4 = 14 

ft 

Total. . . . 

.. 29 100 



Mr. Baxendell, at Manchester, gives the following enumeration : — 

Out of every 100 meteors, 10 were above the Ist mag. ; the brightest 
of these were two or three times brighter than Sirius : 

15 were between let and 2nd mag. 


25 

99 

2nd „ 

3rd 

30 

ft 

3rd „ 

4th 

15 

tt 

4th „ 

5th 


5 were below the 5th mag. 

100 

Mr. S. H. Miller reports at Wisbech, Cambridegshire : — With very few ex- 
ceptions, those I registered were equal to stars of the 1st or 2nd magnitude, 
but some were as bright as Sirius.” 

Colours of the Meteors, 

Mr. Birmingham, at Tuam, describes the meteors as having the nuclei 
generally red or deep orange, while the tails were greenish blue.” 

Mr. Y. Fasel, at Dr. Wrigley^s Observatory at Clapham, describes the nuclei 
as yellow, orange, and sometimes red, while the luminous paths were of 
an emerald green, or bluish hue, though in some cases red.” 

Mr. Hugh Weightman, at Oundle (Notts), reports that ** the colour of the 
nuclei, irom being a mixture of red, green, purple, and yellow, became 





gradually & bright reddish yellow, and the trains, even after the ftudei 
became yellow, were generally green.” 

The writer in the ‘ Newcastle Chronicle % already mentioned, states that 
the meteors moved across the sky, leaving in their track, lines sometimes 
of greenish light, and sometimes of a dull red colour.” 

Mr. Hewlett, at Flimwell (Kent), states that the nuclei were mostly 
bluish white, except when near the horizon they appeared of an orange or 
ruddy tint. The trains were generally of a greenish -white hue, except for 
the last two degrees or so, which at the moment of explosion assumed a 
ruddy ^pearance.^^ 

Mr. Lowe reports, at Beeston, near Nottingham, that the great number 
of large meteors, on the S.E. horizon up to 15° altitude, were mostly 
orange-red, whilst those between Leo and the north were bluish white.” 

Mr. J. Crompton states, at Norwich : — The colours of the nuclei were 
mostly white, blue, metallic-green, and sometimes a coppery red. One 
which I saw cross the foot of Ursa Major was marked as changing its 
colour from whitish blue to red.” 

An observer at Hawkhurst (Kent), reports that the brighest colours, 
whether of head or streak, appeared in those which were nearest to the 
radiant-point. One brilliant one at that place, seen by four or five of us, 
turned pure mauve [lilac] colour before it exploded.” 

At Saragossa, in Spain, The meteors all left a well-defined tail or track 
of sparks of a pale bluish colour, and they finally exploded with a brilliant 
white or yellow flame ; in some instances the flame appeared tinged on the 
edges with a vivid emerald-green colour, and others exhibited tints of pink 
or crimson and blue.” — (The Times, Nov. 19.) 

Mr. T. Crumplen states, in his report of observations made on Primrose 
Hill with Mr. S. Wix : — We saw a number of meteors differing in colour, 
some of a gold or copper tint, some quite ruddy ; hvt the very great majority 
wore brilliant white or blue, resembling the electric light. 

“ The prevailing tinge of the trains was decidedly green.” In his letter 
to the ‘ Evening Standard (Nov. 15th), Mr. Crumplen also remarks, that 
** the general colour of the nuclei was of a pale blue, while a brilliant pea- 
green marked the trains.” 

Amongst other observations at Cambridge, Professor Challis records, that 

a circumstance, which I had not noticed at the August period, was a blue 
or green appearance of several of the trains, with heads of a ruddy colour. 
Some few of the heads also were thought to be blue.” — (Monthly Notices, 
E.A.S., vol. xxvii. p. 77.) 

Mr. Greg, at Manchester, considers that ‘Hhe. prevalent colour of the 

meteors was a dull white I saw one fine green one, with a defined 

disk, near the radiant-point, about 12^ which began with a brilliant 
nwcleus, and another crimson and green ; and I fancy that I occasionally 
perceived a very slight bluish tinge in the trains.” 

Mr. H. S. Heinecken, observing at Sidmouth, states that “ almost invari- 
ably the colour of the head was ruddy. The trains of by far the greater 
propOTtion were greenish blue ; some of them more intense greenish blue, 
and more compact and less powdery than others. The green was not unlike 
the combustion of silver by the galvanic current.” 

At the Cape of Good Hope Observatory the shower was noticed by Sir 
Thomas Maclear as consisting of orange- coloured meteors, leaving streaks 
of green, mingled with ordinary-looking shooting-stars.” (Edinb. Quar- 
terly Eeview ioi January 1867.) Mr. G. W. H. Maclear considered ** the 
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prevailing colour [of the nuclei] to be orange, with a long sea-^green train. 
Others were of a deep red, like halls of fire, without any train at 

Mr. D. Gill, at Aberdeen, further noticed that the trains, ** which at first 
were of a bluish or yellow colour, changed into a beautiful emerald-green.” 

At Clifton, Mr. G. E. Burder particularizes the colour of the trains as 
being of a most delicate greeni^ hue. This greenish tint was very con- 
stant. The meteors themselves, on the contrary, had often a ruddy glow ; 
and in cases when the path was very much foreshortened to the eye, and both 
trains and meteor could therefore be seen in opposition, the contrast between 
the colours of the two was very remarkable.” (The Times, Nov. 15.) 

At Chesham, Bucks, according to the report of Mr. C. Grover, Most of 
the meteors exhibited a decidedly rod head, with a bluish-green train. I 
noted that their altitude had a groat influence on their colour, those on the 
horizon being much more tinted than those in the zenith, where some of the 
brightest looked nearly white, with blue trains. Their position, with regard 
to the radiant-point, also greatly influenced their colour. Those whose paths 
were considerably foreshortened, in and about Leo, showing brilliant colours, 
the red head and greenish train being strongly contrasted, while those with 
long trains in the west were comparatively pale in colours.” 

Spectroscopic Observations. 

At the Eoyal Observatory, Greenwich, Mr. Carpenter of the Astronomical 
Department of the Observatory, and Mr. Nash of the Meteorological Depart- 
ment, had spectroscopes, but neither detected any luminous or dark lines in 
the spectra of any of the meteors, or of their trains ; not even the sodium 
line found by Mr. Hcrschel in some of the August meteors. 

The rapid cessation of the shower, and the desirability of filling up a chart 
of meteor-tracks for determining the radiant-point during the brief time that 
it lasted in what was at first considered to be the earliest part of its display, 
was the reason why no extensive observations with the meteor- spectroscope 
were made at Glasgow by Mr. Hcrschcl and Mr. A. Maegregor. The fol- 
lowing observations were recorded (Intellectual Observer, vol. x. p. 461) : — 
At 12^ 41“ a dazzling object, two or three times as bright as Venus, 
passed in a second from midway between the ‘ pointers ^ to the nose of the 
Lessor Bear, leaving a bright streak, divided, like the last, into two parts ; 
but the first part in this case remained visible the longest. The end-half 
afforded a decided spectrum, appearing as a single bright band in the 
spectroscope no broader than if looked at through an ordinary piece of 
glass 

The number of streaks now visible in the sky gave another opportunity 
for using the spectroscope. 

1866, Nov. 14th, 12*^ 54*” a.m. — Equal to Sirius; from SCanis Minoris 
to /3 Eridani. Left a streak for five seconds. The streak appeared as bsl 
extremely fine line in the spectroscope 

A more powerful spectroscope was now employed, consisting of the cen*^ 
tral portion only of a Herschel-Browning spectroscope, containing two 
prisms, and producing therefore twice the dispersion of a single prism. My 
assistant, Mr. Maegregor, looking at the streaks with the unassisted eye, 
whilst I watched the same streaks in the spectroscope, we each called out 
‘ gone ’ when the streaks appeared to us to vanish. 

* Not the least doubt could be entertained that the light of the streaks in this, and 
accompanying instances, was homogeneous ; or, at least, quite different in appearance in 
the prisms from the light of a fixed star. — A. S. H. 
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12*^ 66“ A,M. — Equal to a first-magnitude star. Left a greenish-blue 
streak from three to four seconds. We differed in our vanishing moments 
two-tenths of a scond. 

<( 12^ 57“ A.M. — ^Equal to a first-magnitude star. Left a ^eenish-blue 
streak for from three to four seconds. We differed in our vanishing moments 
one-tenth of a second. 

1*" 0“ A.M. — Equal to Sirius. Left a greenish-blue streak for four 
seconds. We spoke together. 

The result shows that some of the streaks were composed of monochro- 
matic light, altogether un dimmed by its passage through the prisms.” 

Mr. Browning observed the spectra of several meteors in the meteor- 
spectroscope, from the observatory of Mr. Barnes at Upper Holloway, Lon- 
don, between 9^ 30“ p.m., and 4*^ a.m. on the morning of the 14th of No- 
vember 1866. 

The spectra which he obtained were of four kinds : — 

‘‘1. Continuous spectra of the nuclei, in which the whole of the colours 
of the solar spectrum were visible, except violet. In even the most uniform 
of these, I am inclined to think that the yellow was strongly predominant*. 

2. Those which gave a bright orange-yellow line of light, or only a faint 
continuous spectrum in addition to this yellow line t* 

“ 3. Spectra consisting, apparently, of only a single line of green light, 
of nearly the same colour as that shown by thallium. 

‘‘ Of this kind I only obtained the spectra of two meteors. In one of these 
T thought that I detected, in addition, a verj^ faint continuous spectrum, 
nearly obscured by the brilliancy of the green line. 

4. The spectra of the trains. 

The light from green trains appeared continuous in the prisms. 

Those which were of a blue colour appeared as a [(?) faint] line of laven- 
der colour, with a still fainter trace of a continuous spectrum. In some 
few instances [i. €.(?) of the lavender line] no continuous spectrum could 
bo detected.” 

Mr. Greg obtained the following observations with the meteor-spectroscope 
at Manchester. 

The spectra of the nuclei of the three large ones which I observed, much 
resembled in size and gorgeous effect that of the crescent moon, which I 
looked at in the meteor-spectroscope on the following evening. As I did not 
see the meteors with direct vision, I cannot say how large they appeared 
naturally. 

Their spectra all consisted of crimson, green, and blue. The spectra of 
two of them were a little less well marked at the outer edges, and between 
the colours, than the spectrum of the third, in which the demarcation between 
the red, green, and blue, as well as the definition at the outer edges of the 
spectrum, was perfect. In one of them there seemed to be pretty numerous 
darker lines across the spectrum in a vertical direction ; and at the instant of 
disappearance I saw, or thought that I saw, an orange line, or band between 

* When a star of small magnitude is looked at through the meteor-spectroscope, its 
light is either completely wash^ed out, and invisible, or a line of faint and apparently 
cmourless light marks its place. The length of this line of light, up to the cases of those 
stars in which it can no longer be discerned, continues to be about half a degree. TTure 
ejcids no tendency in the yellow rays of the stellar spectra to remain outstanding, when 
fixed stars of very feeble light are examined in the meteor-spectroscope. — ^A. S. H. 

t Similar spectra of the nuclei of meteors to these are described in the last Report 
for 1866, p. 144. 
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the green and red, suddenly appear and disappear. It was not straight across 
the spectrum, but deflected, or jagged, thus I ^ | 

The spectrum of the trains was extremely feeble. I could hardly say 
that there was any colour.’’ 

Characterlst ic Ajypearances . 

At Greenwich, on one or two occasions during tho display, meteors were 
observed to have a double out-burst, the principal meteors passing on at the 
head of the stream of light, the secondary nucleus remaining in the luminous 
track. The accomi^anying is a sketch of one of these remarkable objects, 
supplied by Mr. Dunkin, of the Iloyal Observatory, in a drawing illustrating 
the general appearance of the shower. (Leisure Hour, Jan. 5th, 1807.) 


A triple meteor, each part being as bright as Yemis, is described by Mr. 
G. Porbes as having been seen by him at St. Andrews (Philosophical Maga- 
zine, S. 4. vol. xxxiii. p. 83) at 12‘‘ 41“* a.m., which left a streak visible 
for eight minutes. At Glasgow attention was drawn to the meteor by the 
bright light in the first half of its course. At this part a streak remained 
visible for nine minutes, and collected itself into an oval form, while the 
portion of the streak in the last half of the meteor’s course, in which a good 
view of the meteor was obtained at Glasgow, remained straight, and faded 
away in about 30 seconds. The appearance of the meteor in the latter por- 
tion of its path, at Glasgow, was that of a single pear-shaped nucleus about 
as bright as Yenus, drawing a bright train of light, like that left by other 
bright meteors of the shower. 

A remarkable double meteor, equally curious, was observed by M. J. J. 
Silbermann of the College de France, at Paris, during the progress of the 
shower. This meteor passed slowly from Leo to the square of IJrsa Major, 
and onwards towards the west horizon, leaving no train. It consisted of two 
brilliant round white nuclei, each about as bright as Jupiter, and 15' apart, 
which oscillated to and fro, and before and behind each other, exactly as if 
performing perfect revolutions in a circle round each other, in a piano per- 
pendicular to the visual line, — one revolution in every second of time. Tho 
whole duration was 8 or 1 0 seconds, and both meteors disappeared together. 
(Le Moniteur, Nov. 20th, 1867.) 

At HawTcImrst, — At 12*^ 6™ a.m., two pear-shaped meteors, both brighter 
than Yenus, changing from yellow into orange, pursued one another in 
almost identically the same course, at an apparent distance of about throe 
moon’s diameters between them, both expanding together, and both leaving 
trains. 

Another red meteor, about the same time, which grew to be as bright 
and round as Suius, was distinctly observed by all to make two darts or shots 
in its flight. ' 

At 12*^ 39“ 30" A.M., two fine meteors, with well-defined disks and elon- 
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gated behind, moved as if in a leash between the two last stars of Ursa's 
tail." 

At Beesion, — Mr. Lowe noticed that in numbers of instances, when 
meteors crossed the same portion of the heavens, the paths of each were of 
same length." This may perhaps serve to explain the coursing <n 
m eteors side by side, which was frequently observed, for the same length and 
with the same velocity. 

At Birminc/ham . — From Mr. Wood’s observations : — Binary meteors : 
Qii 21“ A.M. Two meteors of green colour, each brighter than first-magni- 
tude stars, shot together from the direction of the radiant-point, appearing 
at E. A. 147° (9^^ 48“), N. Decl. 24°, and disappearing, after leaving yellow 

Fig. 1. 



streaks which remained for 2| seconds, at E.A. 143° 32“), N. Decl. 

The distance between them at their first apj)earancc is represented in 
figure at a, about half a degree ; and their distance widened a 
little towards their disappearance, which took place as shown in 
the figure at h. 

it 0^1 27^^ A.M. Two white meteors, each as bright as first- 
magnitude stars, shot together from the direction of Leonis ; 
appearing at E. A. 150° (10^'), K. Decl. 38°, and disappearing 
at a Ursm Mnjoris, each leaving a greenish streak. The meteors 
appeared together, with a distance of about 2° between them, as 
at a, and moved with almost perfectly parallel jmths side by side, 
wdth, however, a considerable widening, until they had, at dis- 
appearance, the relative positions at h (fig. 2). 

Curved paths : extinctions and rekindling of the meteors, 
although not registered, were observed. A meteor, which was 
observed to pass through Ursa Major, made its appearance as at 

Fig. 3. 




a (fig. 3), described a phosphorescent curve a, 6, and disappeared at 5, 
then reappeared at c, described another short curve c, d, and finally disap- 
peared at r?." 

Intermittent Light. — Mr. C. Grover, at Chesham, Bucks, gives the follow- 
ing instances of large meteors, which disappeared for an instant, and after- 
wards reappeared in continuation of their former course. The two first are 
also noted (by coloured drawings in the original report) as examples of the 
most brilliant coloration observed in the shower, during the morning of the 
14th of November. 

No. 1 was a remarkably luminous meteor, which appeared at about 12'^ 
30“, and exhibited a partial extinction of light upon its course. 

No. 2 (recorded in the Catalogue), at 1** 10“ a.m., also showed a single 
intermittence of its light. It was the largest and brightest of all the meteors 
recorded at Chesham. 



A CATALOGUE OF OBSEEVATfbNS OF LUMINOUS METEOES. 403 


No. 3 also presented a distinct interruption of its light. It was especially 
brilliant, shedding quite a glare of light on surrounding objects. 




No.2. 




General Ap'gearanees of the Shower, 

Mr. "Wood thus describes the general characteristics of the meteors : — 
Unlike those of any other display, they never burst or threw o£P sparks, 
but either burnt gradually away, or wasted away in forming the streak. 
This meteoric shower is further distinguished by striking uniformity in 
colour, size, and greater duration, both of the meteor and of the streak, than 
in other showers. The colour may be said to be pale green, the proportion 
between this and the red being about 4 to 1. Th(3 average size was nearly 
that of Mars, then shining, which many of the meteors resembled. A small 
proportion only were equal to Jupiter ; and I saw only one that somewhat 
exceeded Yenus at its greatest brilliancy. Another peculiar feature of the 
meteors was great accuracy of radiation. 

Phenomena at the radiant-point. — Eiguro 
4 represents one of the blue nebulous j>atches 
deprived of the true meteoric lustre, which ap- 
peared from time to time close to the radiant- 
point. In 3 or 4 seconds they would rapidly 
fade and expand to double their former diamc*- 
ter (as fig. 5). One such object appeared at 12^* 4»1'" A.sr. It resembled a 
varying star, increasing from the first magnitude to the brilliancy of Venus 
in about 4 seconds, exactly at the radiant-point, in It. A. 14(S°, N. l)ccL 25®. 

“ Meteor-streaks within a circle of 4° radius round this poin c were najcr 
•preceded nor followed by any nucleus or true meteor, but were siiddeni tf formed 
without any apparent cause, and appeared more compact and biigiiter than 

2 E 2 
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those observed elsewhere, hut always rippled 
and waved, and varying from one to two 
lunar diameters in length. 

In fig. 6, a, 6, c represent three successive 
stages of change of such a streak, from its 
first appearance, a, when it shortly began to 
separate and expand as at h, and finally to curl 
up as at c, and dissolve like a trail of smoke. 

These small trains frequently branched out from the radiant-point like 
the spokes of a wheel, three or four at a time. A group of four radial 
streaks, 2° or 3° in length, was thus suddenly formed round the radiant at 
12*' 36"' 15* A.M., indicating its place very exactly, as already given. 

Fig. 7. 




‘‘ At 2*' 16"', a green meteor, brighter than Venus, moved from the 
radiant-point to R. A. 135° (9*'), N. Decl. 20°, leaving a broad green streak 
4' or 5' in width upon its course (fig. 7, a). This meteor was the brightest, 
and its streak was the broadest and the most enduring seen. The latter 
remained as a bright green ri];)pled and waved bar of light for six seconds 
before cither fading, curling up, or dissolving away. It then gradually, in 
the space of about two minutes, assumed the form of fig. 7, h. 

** Eetween one and two minutes after its first appearance, I perceived the 
spot c (fig. 7), resembling in size and appearance the Preesepe Carter I, a very 
little in advance of the spot where the meteor disappeared. Whether it 
was formed there by drifting from h, or if it was independently formed by 
the meteor, I cannot say, but I incline to the latter opinion.” 

The streaks, when first deposited, were remarkably straight, and fine, 
bright, lance-like lines. They then, as described by Mr. T. Morris at Man- 
chester, “ in many instances appeared to swell in the centre of their length 
— ^the point of greatest ignition probably — and taper towards the extremity, 
forming an approach to a double cone.” 

In a letter to a Member of the Committee, describing some of the pheno- 
mena of the shower as it appeared at Hawkhurst, Sir John Herschel re- 
marks : — ‘‘In a great many instances (indeed most commonly) the head 
SHOT AHEAD of the train, as a star or planet of a very high red colour. AU the 
trains were sparkling like star-dust, but in two or three cases there was a 
remainder of cometic phosphorescent light, very persistent. In one which 
exploded with a flash close to a, /3, y Arietis [see Catalogue, 1** 12"' 30® 
A.M.], this comctic appearance lasted by the watch six minutes. 


In illustration of this peculiarity the following was observed at Hawk- 




A CATALOGUE OE OBSERVATIONS OP LUMINOUS METEORS. 


405 


hurst. “About 11*' 30“, a dull yellow meteor, which grew to a round disk, 
moved on a curved course (see fig.), nearly horizontally from Ursa Minor 
to a point due west, leaving a slight train. The nucleus lasted three seconds, 
and continued after the train had faded aivayT 

Mr. Greg observed, at Manchester : — “ early all the meteors showed either 
as simply phosphorescent or lance-like lines, or began as such. But in the 
case of the larger ones, with disks of 2' or upwards, the nuclei seemed 
finally to emerge from, or to shake off, or lose the phosphorescence, for the 
space of a few degrees and then vanish.’^ 

Mr. C. Grover, in his observations of the November meteoric shower at 
Chesham, Bucks, re 2 >orts that, “ in nearly every instance, the head ceased to 
emit a train before it vanished, conse(iuenthf the head was clearly jyarted from 
the train just before vanishing 

The same was noticed by M. Goulier in the ‘ Comptes Rendus’ for De- 
cember 1866, whose observation of the position of the radiant-point at 
Metz (in the Moselle) is cited above. “A remarkable peculiarity of the 
meteors was, that the streaks were shorter than the entire length of their 
course, the nucleus shooting ahead of the train for some space without emit- 
ting the phosphorescent light of the streak.*’ 

Contortions of the Trains , — The large meteor recorded by Mr. H. B. Heincc- 
ken at Sidmouth, at 1*' 8”‘ 9^ (see Catalogue), left a train which was very 
conspicuous for six minutes, and remained visible for at least ten minutes. 

At first the tram uas straight, but vheii the terminations faded, the 
central portion became curved, and folded back in a serpent-like form upon 
itself. The figure is a sketch ol its appearance, from a tinted drawing by 



Mr. Hutchinson. It afterwards became brilliantly nebulous, more circular 
and compact, and retrograded slowly along the course of the meteor towards 
the east. 

In the 'Monthly Notices^ of the EoyalAstronomical Society (vol.xxvii.p. 53), 
Mr. G. Venables draws attention to the fact that, in some instances of trains 
which continued for a length of time, the deflection which occurred was 
“not curved but rigid, like a stiff stick broken in the middle.’^ 

Tdtscopic Observations of the Meteors. 

At Wisheach, Cambridgeshire. — Mr. S. H. Miller reports : — “ After the dis- 



appearance of the head, the trains contracted and curled up, and I was able 
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to tise the telescope with a power of 45. The trains then looked much like 
some iN’ehula), and I saw these forms (see figures). 

At Bathwick Hill, Bath, Mr. W. Dobson reports : — I observed the trains 
of several with an achromatic telescope (Cooke’s 4-inch aperture, power 40). 
They mostly disappeared rapidly, except one large one, about 1*^ 50“ a.m., 
low in the west, the train of which remained visible in the telescope for nine 
minutes. It appeared like a long wisp of luminous vapour or smoke, bend- 
ing and changing its form, growing broader and fainter, and drifting slowly 
down the wind. Wliile observing it another smaller one crossed the field of 
the telescope, but its train disappeared in a few seconds.” 

Mr. T. Crinnpleii made many telescopic observations, loading in some cases 
to good results, both of the nuclei and of the trains of the meteors, from 
Primrose Hill. 

The instrument used was by Dollond, of Ig-inch clear aperture, about 22 
inches focal lengtli, and ])owcr of 30. I took care to focus it on a fixed star, 
so tliat no doubt could arise as to the value of the observations made, and 
these, so far as practicable, were confirmed by my assistant, who is also 
accustomed to use the telescope for celestial objects. 

I saw many meteor-trains by this means, but in most cases they faded 
too rapidly for good observ^ations. Eight, however, were examined with 
great success. 

One of these, at 7“, was visible 10 full minutes. When first seen, 
immediately aft('r the meteor disappeared, it looked like a long piece of 
riband in constant motion, and waved throughout its entire length. This 
band was then nearly 5' in wudlh, and appeared streaky or mottled, as if 
'made vj) of an imnanse oinmher of interlaced filamenis, 

'' It chang(‘d sha])e during tlit‘time that I observed it, gradually becoming 
more nebulous, and at last it was almost a circular patch, somewhat elon- 
gated towards the west. "When in this state it passed over a tolerably 
bright telescopic star. 1 could see the star approaching, and I noticed a 
decided ditference in tlie brilliancy and appearance of this star when im- 
mersed in the meteor-ti’ain. It was undoubtedly refracted*. This meteor 
disapi)eared some' 5° below a Tauri, and the train drifted as much more 
towards the west-north -west horizon before it finally disappeared. 

“ Besides this train, 1 had telescopic views of seven others, which under- 
went similar contortions. In several cases the trains bent upwards, becom- 
ing shaped like the crescent moonf, the horns always directed to the zenith. 
The filaments in the telescope almost always reminded me of the particles of 
fibre which fly from the sudden lash of a whip. 

‘‘ It was extremely difficult to get a view of a nucleus. In two instances 
I caught them passing the field, but in flight too transient to permit me to 
speak of their appearance in positive terms. They resembled a solid body 
imbedded in a nebulous haze ; but although I have their appearance 'well in 
my mind, I forbear to say anything open to question.” 

* As the effect of refraction would make the star hang upon the edge of the cloud, as 
is rometimes behoved to be the case from a similar cause m the occultation of stars by 
the moon, such an effect may Iiave been, hitherto, overlooked That the star’s appearance 
was affected by partial absorption, or obscuration of its light, is an alteration more easy, 
in general, to be explained by a haze, or misty vapour suspended in the cloud. 

t This appearance was sometiines observed with the naked eye. An observer at 
Mentone, Mr. Moggridge, in a letter to a Member of the Committee, states that they 
heralded great outbreaks of the meteoric shower immediately following their appearance, 
and terms them “ lunettes.” » rr » 
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At Wimhledon^ Mr. F. C. Penrose reports : — At about 2*^ 30® a.m. 
we took our stand at the telescope, 
without, however, making any particu- 
lar observations until 3*" 6® a.m., when 
a bright short streak was observed, in 
E. A. 13^ 12®, N. Deck 37°. It was of 
bluish-silvery colour, and resembled a 
riband, as shown in the figure; but 
there were probably many more ‘kinks’ 
in it than here shown. It remained 
visible in the telescope several minutes, 
and finally before vanishing, separated 
into two parts.” 

In illustration of the many “ kinks ” 
observed with the telescope in the 
streak of this meteor, Mr. Penrose gives 
the annexed representation of the ten- 
dril of a climbing plant, twined towards the right, or towards the left, round 
a slender stem. Eddies and currents of air along the course of the meteor’s 
flight, of the nature of smoke-rings, 
propagated obliquely towards the right 
or left, might very possibly conduce to 
the twisted and knotted appearance of 
the streak, most commonly observed 
with the telescope. 

“ About this time H. observed a small 
meteor in the telescope passing over the 
field of view, between 6 and t (the 
sword stars) of Orion ; and F. soon 
after saw one pass the field of view near 
the Prmsepe of Cancer. N either of them 
showed any remarkable feature, and 
they left no train. F. saw that which 
passed the Sword of Orion with the 
naked eye. It w^as one of the average 
smaller meteors. It appeared in the 
telescope exactly like a star of the sixth magnitude. 

“ At 3*^ 25® 50% we saw in the telescope, at a point about E. A. 15^ 20®, 
N. Decl. 55°, the streak of a meteor, narrower and brighter than that before 
described, but otherwise similar in structure to it, full of kinks and bends, 
but this being of greater length than the former, there were more of them.” 

G-eneral accounts of observations of the shower were also received from Mr. 
W. T. Eedford, Sidmouth ; Mr. H. Player, Totnes, Devonshire ; Mr. E. H. Eodd, 
Penzance ; Mr. Clarke Eichardson, Swansea ; and Mr. G. Iliff, at Sunderland. 

Geographical Limits of the Shower . — The brightest portion of the meteoric 
shower, on the night of the 13th-14th of November 186f>, was visible as far 
eastward as Kishnaghur (lat. 23° 24' N., long. 83° 37' E.), about sixty miles 
due north of Calcutta, and as far westwards as a point in the Atlantic 
Ocean, near the Azores, in lat. 39° 56' N., long. 32° 20' W., or over a zone 
of at least 115° 57' of longitude. 

It was observed at Aberdeen, in Scotland (lat. 57° 9' .51" N.), and at the 
Cape of Good Hope Observatory (lat. 33° 56' 3" S.), or over an extent of 91° 
in latitude. 
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The boundaries of this area nearly coincide with that of the star-shower 
seen on the 13th of November 1832, which was succeeded in the following 
year by the well-known great November shower in America, observed by 
Twining and Olmsted, on the morning of the 13th of November 1833, by a 
recurrence of which in the present year (1867), the shower now described 
would thus be followed by a fitting sequel. 

(4.) The December meteoric shower, in 186G. 

At KishnagJiur, Lower Ilengal, India. — Extract of a letter from Mr. W. 
Masters to Sir J. F. W. Herscliel, Bart. — Since the morning of the 14th 
of November, diverging meteors were not seen or detected on any of the 
periodic dates, except the 12th of December. I observed them at 2^ 30™ 
A.M. of this date, lliey might have come on at an earlier hour, and they 
appeared to have passed off by 3'* a.m. They shot divergingly, and with 
great rapidity, from a point about 29° or 30° of North Declination, and 136° 
of Bight Ascension. They darted out at the rate of about three per minute, 
were small, described short and thin arcs of light, and left no traces. Some 
showed themselves only as moderate flashes of light, about 40° or 50° from 
this point, without any visible arc of light or course. 

A bright meteor wdth a long train shot across the area of divergence 
from nearly djie south to north, or from Alphard (a) in Hydra, to 6 in Ursa 
Major. — Kishnaghur College, 20th December, 1866.’’ 

At Birmingham, Mr. Wood kept a strict watch for meteors on the nights 
of the 12th and 13th of December. On the night of the 11th, the sky at 
Birmingham was overcast all night. Towards 1U‘ p.m., on the night of the 
12th, meteors 'were very frequent, about one jier minute in one half of 
the sky, the other half of th(‘ sky being overcast. The sky then became 
completely overcast, and remain(‘d so until shortly after midnight, when it 
became partly clear, and the frequency of the meteors was found to have 
greatly decreased. From 12‘‘ 53‘“ a.m. until 1'^ 15™ a.m., with two-thirds 
to a quarter of the sky quite clear, none Avere seen. The maximum of the 
shower probably occurred between eleven and twelve o’clock, beginning at 
10*' 30™ r.M. on the L2th, and ending at U a.m. on the 13th. The radiant- 
point was between 6 and a (Jeminorum. The meteors were blue and white, 
of momentary duration, Jind the majority of them without trains. On the 
night of the 13th the sky was clear, but no meteors were seen in twenty 
minutes from 9'’ 30™ p.m. to 9“’ 50'" p.m. A display of aurora borealis appeared 
in the N.N.W., with streamers radiating from a point below the horizon, 
moving from west to east, and 120° or more in length.’’ 

At MilbrooJc, Taam, in Ireland, the skj began to clear on the night of 
the 12th, at 9 o’clock. From that time until 1'^ 25™ a.m. on the 13th, Mr. 
Birmingham counted 260 meteors, of which number 20 only w'cre uncon- 
formablc. Although nine meteors, between 9^ 15™ p.m. and 9*" 30™ p.m., 
were shown by alignments to radiate from within a circle about 3° in dia- 
meter, with its centre in B. A. 107°, N. Deck 19°, yet a meteor, nearly 
stationary at the intersection of lines joining /3 and e, B and 0 Geminorum, 
appeared to indicate a somewhat higher radiant. In comparison with the 
November shower, the aspect of the meteors might be described as cindery, 
with, however, a few notable exceptions. They were mostly of a bluish- white 
colour, many trainless, but in general leaving a faint train of the same colour 
as the nucleus. One meteor, that was brighter than Sirius, showed a serpen- 
tine course. There was no well-marked time of maximum, but there seemed 
to be alternate periods of repose and activity. At 3^^ 8™ an immense fire- 
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ball flashed through a misty break of the clouds in Leo, leaving all again in 
darkness ’’ t. 

(5.) The January meteoric shower, in 1867. 

Heavy snow, and the overcast state of the sky in England on the night of 
the Ist and morning of the 2nd of January 1867, prevented observations of 
luminous meteors. On the evening of the 2nd of January, about 9*^ 30*“ p.m., 
when the sky was comparatively clear, Mr. Crumplen watched for meteors for 
a few minutes, in London, and saw none. 

(6.) The April meteoric shower, in 1867. 

On the nights of the 19th and 20th of April 1867, the sky was overcast, 
with constant rain, at Glasgow. No reports of the reappearance of the April 
meteoric shower, in 1867 have been received from other places. 


(7.) The August meteors, in 1867. 

At Birmingham, Mr. Wood reports a very fine sk}- on the nights of the 9th, 
11th, and 12th. On the night of the 10th the sky was clear over head until 
P 30”' A.M. on the morning of the 11th. 

From 9^' p.m. to 11*' 32”' p.m. on the 9th, only two meteors were observed 
in one hour and a lialf. Their number then increased, and the paths of 18 
meteors were recorded in two hours. There was an equal scarcity of meteors 
on the night of the 10th ; when, in one hour, from 9*' p.m. to 10*' p.m. no 
meteors were observed. The interval of half an hour, from 12*’ 1 6'" to 1 2*' ^J5‘" 
A.M. on the morning of the 11th, also presented a total absence of metcoi’S. 
Five meteors wore then observed in 15 minutes, and the sky afterwards be- 
came overcast. On the nights of the 1 1th and 12th the rate of apparition was 
respectively 3 and 2 meteors per hour. On the morning of the 11th it was 
as high as 7, and on the morning of the 10th as high as 14 per hour. 


Date and ^ 








hour of ( 

8th 

9th (11*' 30"' 

10th 

10th (1 P P.M. 

nth 

11th 

12th 

obser- T 
vation . ^ 
Average 
number 

P.M. 

P.M. to midn.). 

A.M. 

to midn.) 

A.M. 

P.M. 

P.M. 

of me- 
teors per 
hour . . ' 

. 6 

10 

14 

7 

7 

3 

2 


Moon nearly full. One observer. 

The frequency, under similar ciciimstances, is little more than half as great 
as that observed by Mr. Wood in the previous August epoch of 1866. 

A wide radiant area, extending from y Persei to C, c, and 7 Camelopardi, as 
distinct radiants, is assigned by Mr. Wood to the recorded paths; with a 
tendency to radiate chiefly from a principal radiant-point at e Cassiopeiee. 

The relative proportions of meteors of different magnitudes and colours 
were about as follows ; — 


Above rslst- —2nd- 

1st mag#. mag*. mag#. 

ILL 

5 3 4 


3rd- ) 

Yellow or 


mag#. 1 Blue. 

orange. 

Wliite. 

1 

3 

1 

5 J 8 

10 

10 


At Manchester. — Mr. Greg reports that the meteors appeared rather to 


t Monthly Notices of the Royal Astronomical Society, vol. xxvii. p. 206. 
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emanate from a linear radiant region, extending from a Persei to y Oassio- 
peiee, than from a single point (which is usually attributed to the shower) 
near the sword-handle of Perseus. 

In America . — The Committee is indebted to Mr. Marsh for the following 
communication of a register of shooting-stars observed at Germantown, near 
Philadelphia, U. S. A., on the mornings of the 10th and 11th of August 1867, 
by three observers. Each person observed independently of the others, and 
their attention was mainlj^ directed to the north-east. 





Number of meteors observed 


By B. V. Marsli. 

By C. H. Darlington. 

Philadelphia mean time of 
observation, 1867, August 
10th A.M. 

Conformable. 

N on -conformable. 

3 

0 

H 

E“<timated bright 
enough to be seen 
in full moonlight. 

Conformable. 

Is on-conformable. 

Total. 

Estimated bright 
enough to be seen 
in full moonlight. 

li m h m 









From I 3 to I 45 a.m. 

10 

7 

'7 

3 

10 

4 

14 

2 

„ I 45 „ 2 0 „ 

6 

4 

10 

3 

6 

I 

7 

3 

» 2 0 „ 2 15 „ 

3 

0 

3 

0 

3 

I 

4 

0 

» 2 15 „ 2 30 „ 

3 

2 

5 

I 

I 

I 

2 

I 

Total numbers m one liour \ 


13 







and fortj-five minutes . J 


35 

7 

20 

7 

27 

6 


Those originating near the radiant indicated the usual point in Perseus ; 
but some of the more distant ones seemed to eomo from the direction of 
Cassiopeia. 


Successive intervals of fifteen 
minutes, 1867, Aug. nth 

A.M. 

Number of meteors observed 

By B. V. Marsli. 

By R. M. dummere. 

Philadelphia mean time 

Confor- 

mable 

Non con- 
formable. 

Total. 

Confor- 

mable. 

Noncon- 
form able 

Total. 

h m h m 







From X2 0 to 12 15 a.m. 

14 

I 

15 



22 

» 0 15 „ 0 30 „ 

15 

3 

18 



*9 

„ 0 30 „ 0 45 „ 1 

8 

2 

10 

6 

2 

8 

„ 0 45 „ 1 0 „ 

13 

3 

16 

24 

3 

27 

„ I 0 „ I 15 „ j 

14 

4 

18 

13 

3 

16 

»i 1 15 ». I 30 M ! 

8 

5 

13 

13 

4 

17 

n I 30 M I 45 M 

10 

3 

13 

15 

3 

18 

» I 45 „ 2 0 „ 

1 1 

3 

J 4 

19 

2 

21 

0 

M 

1 

2 

12 

16 

0 

16 

Total numbers in two hours 



1 




and fifteen minutes 

1 103 

26 

X29 1 



164 


The average magnitude was decidedly below that of previous years. Only 
a few left persistent trains, and there were none of very great splendour. 
The weather was clear, and circumstances altogether favourable. 
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At a somewhat later hour than the last of the above observations, the 
August meteoric shower appears to have reached its maximum in America. 

New York Herald y August 12th. — Poughkeepsie, August, 11th, 1867: — 
Shortly after one o’clock this morning an entirely clear sky was visible .... 
From one till two a.m. over seventy meteors were counted, and from that 
time till half-past three a.m. they increased in number so fast that they could 
not be counted. Three of them were of great brilliancy. By four o’clock 
A.M. the unusual exhibition had entirely ceased.” 

The rarest displays of shower-meteors are comparatively brief in their 
duration, and Mr. Marsh points out that observations extending over several 
days, and variously situated in longitude, are needed, in order to show 
the earth’s progress through the group, and to determine the exact time of 
central passage.” 

y. Papers relating to Observations of Luminous Meteors. 

1. Professor IN'owton, on “ The Eolative Number of Shooting-stars seen in 
a given Period by different numbers of Observers.” (American Journal of 
Science, 2nd ser. vol. xli. p. 192.) 

The results of this careful series of observations made at Newhaven, Con- 
necticut, on the morning of the 15th of November 1865, may be referred to 
as a common standard for determining the rate of apparition of meteors in 
cases where several observers combine together to register their numbers. 

During the three hours, from midnight until three o’clock a.m., on the 
morning of the 15 th of November, twelve observers at Newhaven were so 
arranged that two looked to the zenith, and the remaining ten divided the 
points of the compass equally between them. As each observer saw a meteor 
he called his name, which was entered by an initial letter in the register. By 
three o’clock 1 86 meteors were counted. 

The average number seen by each person was 38-75. Hence the propor- 
tion — 

No. seen by one observer : No. seen by twelve : : 38*75 : 186 (1) 

The average number seen by two persons looking towards opposite points 
of the compass (taking all the pairs of such observers) was 75*4 : and hence 

No. seen by two observers : No. seen by twelve : : 75*4 : 186 (2) 

The average number seen by three observers looking nearly symmetrically 
to different points of the compass (taking all the combinations of such obser- 
vers) was 99*7. Whence 

No. seen by three observers : No, seen by twelve : : 99*7 : 186 (3) 

Proceeding thus with all the symmetrical combinations of four, five, six, or 
more observers, and comparing the results with the similar results obtained 
by a party of six observers on the night of the 15th of August 1865, the 
numbers seen by more or less numerous observers are shown in the following 
Table, which also contains the relative numbers seen by different parties of 
observers, in the time that four observers would take to count 100. 
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No. of ob- 
servers. 

Average No. of meteors 
seen during the Avatch. 

Average No. of meteors 
seen while four observers 
would count 100. 

Aug. 15 th, 
1865. 

Nov. 15 th, 
1865. 

Aug. i5tb, 
1865. 

Nov. 15th, 
1865. 

I 

49 ‘44 

387s 

35‘9 

32 5 

2 

89-65 

75*40 

65*1 

63'3 

3 

117 88 

99-70 

85*6 

83*6 

4 

I37'7i 

119*20 

100*0 

100*0 

5 

156-44 

131*86 

113*6 

1106 

6 

172*00 

143 00 

124*9 

120*0 

7 


1 52 86 


128 2 

8 ' 


160*67 


134*8 

9 


166*75 


139 9 

lO 


173*50 


145 I 

1 1 


179*83 


150*9 

12 


186*00 


156*0 


The last column of the Table shows that a single observer would not count 
more than a fifth part, nor four observers more than two-thirds of the meteors 
visible in a given period. 

2. Mr. II. P. Greg On Meteoric Showers and their Ibadiant-points. (Bul- 
letins del’Academie Koyale de Belgique, 2nd ser. vol. xxiii. No. 2, 18G7.) 

“The meteoric shoAver of the 2nd of January 18G7, Avas far less copious 
than it appeared on the same date in 1 8G3 and 1 8G4. There is not impos- 
sibly a period of five years in its return, and a scA^en-ycar period in the returns 
of the shower-meteors of the 5th~l ."ith of December. 

“ The linear or oval extension of the radiant region in the case of fifteen or 
twenty meteoric showers, some them of long duration (six or eight weeks), 
appears to arise from the change of the angle of intersection of the orbits of 
the meteoric bodies with the earth^s orbit. In the course of two months (a 
sixth part of the whole circumference) the angle of intersection, at the points 
where the earth enters and leaves the meteoric group, should undu-rgo a very 
appreciable alteration. In cases of very long duration, it is probable that 
the orbits of the meteoric bodies nearly coincide with a part of the earth’s 
orbit, and that the meteors of such a group move for some time nearly in the 
same, or in an opposite direction to the earth’s path. 

“ Suppose A B to be a portion of the earth’s orbit, P the apparent place of 




the radiant region, E', E" two positions of the earth at entering and leaving 
the meteoric group, embracing between them an interval of tAVO months, 
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v' m\v" m" the apparent directions of two meteors directed from the radiant 
II. Then the angle a' is evidently greater than a\ 

‘‘ As far as I have been able to examine the question, the arc subtended by 
the difference of the angles a\ a' may be more or less exactly measured by 
comparing together the lengths of the major aod minor axes of the radiant 
region in those cases where it appears to have an elongated form. Projected 
and measured upon a map of the stars, this arc occasionally amounts to 1 0°, 
or 15°, independently of 5° allowed for errors of observation, and for other 
sources of inaccuracy.” 

By the arc subtended by the difference of the angles a\ a",” the difference 
from parallelism between the lines r r" m” in the above paper is per- 
haps intended to be signified; and this may amount occasionally to 15°. 
It is plain, however, that the real difficulty connected with the long endu- 
rance of particular radiant-points in a nearly fixed position is, to explain 
why the elongation of the radiant region, or the difference from parallelism 
actually observed, does not^ in general, amount to a quantity nearly as large 
as the difference between the angles a! , a!' , 

Thus, supposing A B to bo the inner and outer limits of a current of 
meteoric bodies moving in parabolic orbits round the sun, S, in the same 
plane with the earth’s orbit, a B, and 
having the common axis B S 5 ; S a, 
perpendicular to B 8, the earth’s dis- 
tance from the sun when it encounters 
the inner limit of the stream, three 
months before the time when it arrives 
at B. The absolute velocity of the me- 
teors where they encounter the earth is 
everywhere represented by the diagonal 
of a square, as a v, whose side a V re- 
presents the velocity of the earth in its 
nearly circular orbit. Now as the di- 
rections of the circle and parabola at a 
arc, respectively, in the side a V and 
diagonal a v oi the same square, the re- 
lative velocity of the meteors at a, with 
respect to the earth, is in the direction 
V Y, parallel to S ; and this is also the 
direction of the relative velocity, with 
respect to the earth, of the meteors wiiich overtake the earth at B. The 
radiant-point of the meteors at a, B would, in such a case, therefore have a 
nearly invariable direction, or apparent position in the sky, B It ; and in 
the intermediate interval of three months, during which the shower con- 
tinues, it would only undergo very small changes of its place. 
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Fourth Report on Dredging among the Shetland Isles. 

By J. Gwyn Jeffreys, F.R.S. 

Ik spite of the weather, which was worse than usual in this stormy region, 
some additional results of no slight interest were obtained. The three requi- 
sites of such enterprises (time, money, and experience) were not wanting \ and 
the valuable cooperation of Mr. Norman, Mr. Waller, and Mr, Dodd, aided by 
a good yacht and crow, and b}^ a large stock of apparatus, left nothing to desire 
except calmer seas. Dr. Edmondston and his family again did all in their 
power to promote our endeavours ; and Mr. Cheyne, of Edinburgh, kindly 
placed his house at Tanwick at our disposal. 

Discoveries in natural history arc of several kinds, all of which are nearly 
equally important : — 1. New species or forms. 2. Geographical distribution. 
3. Habits of animals, including in the present case those supposed to be depen- 
dent on the deptli of water. 4. Geological relations. 5. Extraneous inci- 
dents. 

All these I will now notice as regards the MoUusca. Other branches of the 
marine Invertebrata will be treated of by Mr. Norman, Mr. Waller, and Dr. 
MGntosh ; and Dr. Gunther has kindly promised to report on a few small 
fishes caught in the dredge. 

1. New Species. — The species I am about to enumerate are new to the 
British fauna, but not to science. 

Terehratella Spitzhergensis, Davidson, 

A fresh and perfect, although dead specimen occurred in 80-90 fathoms off 
Unst, The obIj locality hitherto recorded for this shell in a living state 
is Spitzbergen, It was found by Hisinger and myself in a fossil state at 
Uddevalla, and last year by Messrs. Crosskey and Robertson in another raised 
sea-bed near Christiania. There is, of course, a possibility that the Shetland 
specimen also may be fossil ; but it has all the appearance of being recent ; 
and Terehratula cranium and 1\ caput-serpentis (both of which are likewise 
arctic species) live in the same place where this specimen of Terehratella 
Spitzhergensis was dredged. 

Bhynchonella psittacea, Gmelin. 

A specimen (unfortunately broken in dredging) was found with Terehratella 
Spitzhergensis, Terehratula cranium, and T, caput-serpentis. This was filled 
with soft mud, in which was a fresh, but dead young specimen of B. psittacea, 
I had on a former occasion dredged a full-grown specimen and a young one 
(both quite perfect, although not living) off Dnst. In ‘ British Conchology,’ 
vol. ii. pp. 22 and 23, is an account of all the specimens said to have been 
taken by Capt. Laskey and others in the British seas ; and I am still convinced 
that most of these reported discoveries were mistakes, and that some of the 
specimens are fossil. The present case is free from doubt, except on the latter 
ground. Single valves of Pecten Isla'ndicus, Tellina calcaria, and Mya trun-^ 
cata, var. Uddevallensis, are not uncommon on the northern and eastern coasts 
of Shetland, and were procured with T. Spitzhergensis and B, paittacea j but 
the former had an unmistakeably fossilized or chalky aspect, and never were 
perfect or had the valves united. It seems to be an established rule that in 
all species of marine invertebrate animals, which are distributed through thd 
European seas, northern specimens excel in size those from the south ; and 
thus the comparative size of living and dead specimens of arctic species found 
in the Shetland seas may serve as an additional test to distinguish which of 
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the latter are recent or surviving and which fossil or relics of the glacial epoch. 
The two Brachiopods in question must, I think, stand or fall together as 
British. Mr. Davidson (the great authority on this abnormal class of the 
Mollusca) says that, under the circumstances I have mentioned, there 
appears to be a probability that those two species may occur somewhere 
in the neighbourhood — if not quaternary; but if this last, I hardly think 
they would have been so perfect and fresh as you describe them to be.” 
Professor Loven, who has examined my specimens, considers them recent. 
According to Professor Sars, R. psittacea inhabits the coast of Pinmark, as far 
south as Tromso (69° 40' N. lat.), at depths of from 20 to 80 fathoms. Mr. 
M^ Andrew dredged it off Drontheim and in Tipper Norway, at depths of from 
40 to 150 fathoms. Drontheim lies in 63° N. lat., Unst in about 61°. 

Leda pemul a, Muller. 

A valve, apparently fossil, was dredged on the northern coast ; and several 
valves in a fresh state (partly covered with a glossy epidermis) and a small 
perfect but dead specimen were dredged in St. Magnus Bay, on the west coast, 
at a depth of from 60 to 80 fathoms. As no glacial fossils of arctic species 
occurred on the west coast, 1 have no hesitation in regarding L. pernula as 
British. T had in former expeditions dredged small valves and a complete pair 
east of Shetland and in the Hebrides. This species inhabits the Scandinavian 
coasts, as far south as Kullen in Sweden, from 20 to 150 fathoms ; and 
M‘ Andrew records a depth of 160 fathoms : it is a circumpolar species, and 
also one of our post- tertiary or quaternary fossils. 

The next two species are especially interesting, in respect both of novelty 
and of the classification of the Mollusca. They belong to the class Solenoconchia 
(Solenoconches, Lacaze-Duthiers, or Scaphopoda, Bronn), which is represented 
by the genus Dentalium, 1 have elsewhere so fully treated of this peculiar class 
that I will now offer merely a few remarks on the genus SipJionodentaliuyn of 
Sars, to which or an allied genus the species now about to be noticed must bo re- 
ferred. Siphonodentalium (perhaps the type of a separate family of Solenocon- 
chia) is distinguished from DentaVmm by having an extensile worm-like foot, 
the disk of which expands in the shape of a flower and is furnished with a spike, 
by the mouth or anterior orifice of the shell being obliquely truncated — in Den^ 
talium it is circular, — and by the posterior or smaller orifice having its mar- 
gin serrated or slit on each side, instead of this orifice being furnished with 
a short pipe or having its margin slit on one side only. I am inclined to refer 
one of the species now discovered as British to the genus Siphonodentalium, 
and the other to the genus Cadtdua of Professor Philippi*. In the latter 
genus (which Philippi proposed for the reception of a small Sicilian fossil — his 
Dentalium ovulum) the shell is not cylindro-conical as in Siphonodentalium, 
but is tumid in the middle or anterior portion, sometimes awl-shaped ; and 
the mouth is encircled by a narrow rim. In Gadulus the shell is quite 
smooth, transparent, and lustrous ; in Siphonodentalmm it is striated or exhi- 
bits the lines of growth, and is semitransparent. The long-lost Dentalium 
gadus of Montagu, an allied species (D. clavafum of Grould) from the China 
Sea, another species which I observed in the late Mr. Cuming’s collection, from 
Mindanao (erroneously named D. acumimdum, Deshayes), and D, coarctatum of 
Lamar(% (a tertiary fossil) apparently belong to Cadidus, and certainly not to 
Ditrupa (properly Ditrypa), a genus of testaceous Annelids the shell of 
which is different in structiue and composition from that of Cadulus or of 


* Moll. Sic. ii. p. 209. 
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Siphonodentaliumy the mouth is contracted or pinched-in, and the animal 
is annulose and has a circular operculum. On the other hand, several kinds 
of shelly cases described as Dentalia really belong to Ditrypa. If Cadulus 
is not generically distinct from Siphonodentalium, the former of those names 
has priority ; and we shall thus bo able to expunge a more than sesquipe- 
dalian name from the terminology of the MoUusca. The diagram now exhi- 
bited is an enlarged representation of the figures of S. Lofotense and S, sub- 
fiisiformts, from an admirable paper by Professor Bars, published in the Transac- 
tions of the Academy of Sciences at Christiania for 1864; and it will serve to 
explain the nature of these extraordinary mollusks. One of our species is 

Siphonodentalium Lofoteme, Sars 

Malacozoologische Jagttagelser/^ in Vid.-Selsk. Forh. 1864, p. 17, figs. 
29-33), ranging from the Loffoden Isles to Chris tianiafiord, at depths of be- 
tween 30 and 1 20 fathoms. It was rather plentiful among sandy mud in St. 
Magnus Bay, at the depth of from 60 to 80 fathoms ; and I had found it in 
1846 when dredging off Skye, in 1864 off’ Unst, and last year in the Minch. 
The shell may easily be passed over — as it was by me — for the young of Benta- 
liam entails ; but it is more curved and cylindrical, the mouth and correspon- 
ding linos of growth slope backwards, and the margin of the posterior orifice 
is regularly jagged (having two slight notches on each side), and this extremity 
does not form a bulbous point in the fry. One of the characters given by Sars 
(‘^margine aperturoe posterioris integro^’) should be amended. My observa- 
tion of the animal agreed with his, except that the foot is vermiform and has a 
fine point, the disk being expanded and assuming the shape of a flower only 
when the Siphonodentalium wishes to obtain a fulcrum and keep its place in 
the sand. The foot of Nucula and LeeJa is somewhat similar, its disk when ex- 
panded resembling the leaf of a palm. Another species of Siphonodentalium pro- 
per is Dentalium quinquangulare of Forbes, from the -^Egean (80-230 fathoms), 
which M‘ Andrew afterwards dredged off’ the coasts of Portugal and Spain in 
5-30 fathoms, and named (lapsu calami) D. < 2 ; this species Sars 
lately procured from the Loffoden Isles and Christianiafiord in 50-300 fathoms, 
and described as S, pentagonum. The coincidence of the first and last of these 
specific names is curious. D. hicarinatum of Deshayes (a tertiary fossil) may 
also be referable to the genus Siphonodentalium, D. hijissam of Searles Wood, 
from the Coralline Crag, is possibly the type of another genus, for which I 
would suggest the name of Dischides. This species has been dredged in a 
living state off Gibraltar by Mr. M‘ Andrew 1 suspected that D. hifissum 

might be the tube of a young Teredo norvegica, on account of its having a 
septal process within the posterior orifice : at all events my remark is justi- 
fied by the affinity which exists between the Teredinidce and the Soleno- 
conchia. 

The second species of this class is 

Cadulus sxihfusiformls, Sars 

{Siphonodentalium subfusiforme, 1. c. p. 21, figs. 36-44), having a Norwegian 
mstribution equally extensive with that of S, Lofotense, but attaining a greater 
depth, viz. from 50 to 300 fathoms. I noticed specimens among the fossils 
collected last year by Messrs. Crosskey and Eobertson in a raised sea-bed at 
Barholmen, near Christiania. It occurred on the Unst ground, in 80-90 
fathoms, and was apparently not rare. Mr. Peach detected a specimen in 
looking over some sand which I dredged there in 1864 ; this I at the time 
* It inhabits also the European and African coasts of the Mediterranean. 

1867. 2 G 
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regarded as a 'Ditnj'j^a, The margin of the posterior orifice has two slight 
indentations o‘r notches, one on each side ; and Sars’s statement that the margin 
is entire was perhaps founded on imperfect specimens. 0, suhftisiformis may 
he known from C. gadus not only by its mneh smaller size, but also by having 
the greatest width or diameter in the middle (instead of in the upper or ante- 
rior part), and by the posterior or narrower part being abruptly curtailed. C» 
gadus is awl-shaped, and has a tapering extremity; C. suhfusiformis is gibbous. 
Whether G, gadus inhabits our seas is questionable. Montagu says*, “ This is 
a pelagic species, found in many parts of the British Channel, and is known to 
mariners by the name of ‘ hake’s tooth,’ who frequently find it within sound- 
ings, adhering to the log-line (as we are informed), but most likely to the 
plumb-line.” My specimens arc from the collections of Dr. Turton and !Mr. 
George Humphre 5 "s ; the latter dealt almost exclusively in exotic shells. Rang 
placed D. gadus in his genUs Creseis, among the ttcropoda ; but Philippi 
rightly objected to such a classification, because the shells of all Pteropods arc 
closed at the smaller endf. 

The sixth and last addition to our molluscan fauna is 

Utriculus glohosuSf Loven 

(Amphispligra glohosa, Ind. Moll. Scand. p. 11). Two living specimens were 
dredged in St. Magnus Bay, with Ledapemuki and Siphonodentalimn Lo foteuse. 
Its distribution, according to Professor Loven, extended from Finmark to 
Bohuslan in the south of Sweden ; and through the kindness of the discoverer 
and Professor Lilljeborg T have been enabled to compare the Shetland speci- 
mens with those from the Scandinavian coasts. 1 mention this, because 
(before T was thus favoured, and when T had only Loven’s description to 
consult) I mistook this species for another, which I have latclj’ described 
as U. ventrosiis, from Hkyo. 

^ 2. Geographical distribution. — The accompanjung listj: of all the Mollusca 
hitherto observed in Shetland and the adjacent seas will serve to show the 
relations which exist between these and the Mollusca of the north and south 
of Europe. The number of Shetland species is 303, of which 315 inhabit the 
north and 245 the south of Europe. The total number of species of British 
Mollusca, so far as I have yet worked out the subject, is 712. It may be 
remarked what a scanty proportion the land and freshwater Mollusca of Shet- 
land bear to those of Great Britain, viz. 23 species only out of 122. The marine 
species, however, are 340 out of 590— although the Zctlandic Nudibranchs 
and Cuttles have not been well examined, and, of the former, 28 only out of 
110 have been as yet observed. 

Some species arc now for the first time recorded as Zctlandic, e. g. Terehra^ 
tella Spitzhergensis^ Montacuta iamidxda, Siphonodentalium Lofotense, Oaduhts 
suhfmiformis, Hissoa proxima, Odostomia clavida^ and Utriculus globosus. Other 
species, either rare or local, which I had previously dredged on the eastern and 
northern coasts, were found this year on the western eoa<>t also. Such are 
Pecten Tcstcc^ Jjiimt Sarsu, L, eJliptica, Leda pcrnida, Axinus ferruginosus, 
Isocardia cor, TelUna halaustina (one living specimen being fully an inch in 
breadth), Panopea plicata, Rissoa Jeffregsi, Adis supranitida, A. Walleri, 
Odostomia mmima, 0. eximia, Eulima intermedia, Natlca sordida, Aporriuns 

♦ Test. Brit. i. p. 496. 

t I have now ascertained that Hiphonodintalium Lofofeme. S. qnmquaugtdare, (Jaduhis 
Isl'B ^ and Discfiides btfissus inhabit the Gulf of Naples. 1st January 

t This list will be published in the concluding Report next year. 
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Macamlirem, CentMopsis costulata, Bnccinxim Humphreysianufn^ Columhella 
mina, Pleurotoma hrachy stoma, Cylichna acuminata, Fhiline quadrata, and P. 
nitida. 

3. Habits of Animals, — Species which were supposed to inhabit shallow 
water only were found living at considerable depths. In this category may 
be mentioned Natica catena, which was dredged alive in from 40 to 60 fathoms. 
Capt. Thomas informs mo that he also dredged this species in the Orkneys living 
at the same depth. A dead specimen of Stilifer Turtoni was procured with 
Natica catena, Eathymetrical conditions arc not of so much consequence to 
the Mollusca as a suitable habitation and a good feeding-ground. We had 
the good fortune of dredging in 1 70 fathoms — a greater depth than had been 
previously explored in the British seas. This was about forty miles N.N.W. 
of Unst. The ground was stony intermixed with patches of sand. The greatest 
depth recorded as having been dredged in our seas was 145 fathoms, by Admi- 
ral Beechey, off the Mull of Galloway. The following is a list of the Mollusca 
which I examined from our dredging in 170 fathoms : — 

Living. — Beachiopoda: Terehratula cntnhtm, young; T. caput-‘Serpentis, 
young ; Crania anomala, Conchipera : Anomia ephippium, young ; A, pateU 
liformis, var. striata ; Lima suhauriculata, young; Leda pyymma ; Montacuta 
suhstriata, on Bpatangus meridionalis; Yenus ovata ; Lucinopysis xmdata, 
young; Saa^icava rugosa, Bolenoconchia : Dentallum entails, var. anulata. 
Gastropoda : Trochus occidentalis; Eidima hilineata; Natica Montacuti; Tro-^ 
plion Barvicensis, 

Dead. — Conchifera : Pecten septemradiatus, a fragment; P, tigrinus, ditto; 
P, similis, a single valve ; Crenella decussata, fragments ; Nucula nucleus, single 
valves ; N, tenuis, ditto ; Leda minuta, a single valve ; Limopsis aurifa, small 
but fresh single valves; Area p>cctunc\doides, single \alves; Lucina borealis, 
perfect ; Aofinus Croulinensis, single valves ; Cardium fasciatum, ditto ; 0, 
minimum, ditto; Astarte stilcata, ditto; Yemes lincta, ditto; Tellina halauS’^ 
tina, a fragment ; Psammohia Ferroensis, ditto ; Mactra solida, var. ellptica, 
single valves ; Bcrohicularia prismatica, u fragment; Thracia papyracea, var. 
villosiuscula, young ; Necera cuspidata, a fragment. Gastropoda : Tectura 
fulva, YSiV, albula ; Propilidium ancyloides; Fmay'gimdajissura; Trochus a ma- 
bills, young; T, millegranus, ditto; Tarritdla terebra, var. nlvea; Natica 
Alderl ; Trichotropls borealis; Bmeinopsis Dalei, a fragment ; Fiisu$ gracilis, 
young ; F. propinquus, ditto ; Defranda teres; D. linearis, var. cequalis, a 
fragment ; Pleurotoma costata, ditto ; Cylichna alba, ditto. Pteropoda : 
Bpirialis retrover sus ; Clio ov Cleodora pyramidata, a fragment. 

Of these species sixteen were living, and thirty- eight dead — in all, fifty- 
four. They comprised some rarities, viz. Terebratula cranium, Limopsis aurita, 
Aocinus Croidinensis, Trochus amabilis, Buccinopsis Dalei, and Cylichna alba. 
The shells were of the usual colour ; indeed this was brighter and darker in 
living specimens of Yenus ovata and Eulima hilineata than in average examples 
of the same species taken in a few fathoms. The notion that colour is absent 
or fainter in shells from deep water seems to bo quite unfounded. 

4. Geological Relations,- — Fossil shells (being apparently relics of the glacial 
epoch) occurred in 1 70 fathoms, and higher up to 80 fathoms. They were chiefly 
Pecten Islandicus, Tellina calcaria, Mya truncata, var. Uddevallensis, Saxicava 
rugosa, var. Uddevallensis, Molleria costulata, and Trochus cinereus. All these 
species and varieties inhabit high northern latitudes, and none of them have 
been discovered living in our seas. hTo such fossils were detected on any part 
of the western coast of Shetland. 

5. Extraneous incidents,' — ^In the dredged stuff taken from a depth of about 

2o2 
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85 fatlioms, on a soft sandy bottom, twenty-live miles N.N.W. of Fnst, I 
found the canine tooth of an animal of the weasel tribe ; and Mr. Waller found 
the shoulder-blade of a much smaller quadruped. These occurred within a 
comparatively small space, although not together, and they were unaccom- 
panied by any other land organisms. The socket of the tooth and the bone 
were eroded. It is possible that the tooth was that of a tame ferret, which was 
accidentally killed in 1862 and thrown into the sea in Balta Sound, at a dis- 
tance of about thirty-five miles from the place where the tooth was dredged. The 
tide sets with great rapiditj^ in that direction ; and wlien the carcase became 
distended by the gases evolved during putrefaction, it must have floated for 
some time. The bone is supposed by Mr. Boyd Dawkins to be that of a bat ; 
this may have been eaten by a snowy owl, and disgorged or voided on its way 
back to the Faroe Isles or Iceland. J mention this curious circumstance to 
show that some bones of quadrupeds as well as of man may be preserved for a 
long time in the slimy bottom of the deej),” vdthout being disturbed by the 
naturalist. When we consider the vast extent of the sea- bed, and the very 
trifling and unfrequent operations of the dredge (the one being measured by 
square nautical degrees, and the other by square yards), we ought not to be 
surprised that the remains of drowned mariners — at least their teeth — are not 
thus brought to light. Clarence’s dream (the creation of a sublime poet) is 
never likely to be verified by modern research. 

I have had much pleasure in presenting a collection of the rarer shells to 
our national Museum. 

Subjoined are letters from Dr. Gunther and Mr. Boyd Dawkins : — 

“ Dear Sir, — The fishes collected by you by means of the dredge, at a 
depth of from 80 to 90 fathoms, at the Bhetland Islands, belong to four species, 
all being new to the British fauna. Singularly enough, two belong to Me- 
diterranean species — viz. a Dragonet, CalUonifmiis maculatua (Bonap.) and a 
Sand-Lauiice, Ammodytes sichIks (Swains.). The two others appear to be un- 
described : one is a Eockling, distinguished by its ver}" large eyes, for which 
I propose the name of Motel Ja macro 2 dithalma ; the second a Goby, which I 
dedicate to its discoverer under the name of Gohim JeffreysiL I will furnish 
you with descriptions of the two new species, and remain 

“ Yours vejy truly, 

‘^*7. Gwyn Jeffreys, Esq., FM.SJ “A. Gunther.” 


“ Upminster, Romford, Essex. 

“August 28, 1867. 

My dear Sir, — I have carefiill}^ examined the remains found under such 
interesting circumstances. The tooth approaches nearer to the left lower 
canine of the ferret i^Putorins fnro') than to any other teeth in the Museum of 
the College of Surgeons. From so small a portion I can hardly infer the species 
of the animal ; but if its possessor was not a Ferret, ho was a Ferret’s first 
cousin, one of the Mustelines, who died in the prime of life. The corrosion of 
the fang is very curious, and cannot be the result of the waste of the sea ; it 
seems to be the result of the action of an acid, which has been prevented from 
attacking the crown by the crystalline structure of the enamel. Nearly all 
the gelatine has disappeared from the fang. Its age would be best arrived at 
by the character of the sea-bottom. If from a muddy deposit, probably it is 
of that age ; if from a rocky bottom, its age is altogether uncertain. It is not 
more recent-looking than many of the Pleistocene bones I have dug out of 
caverns. The second fragment seems to bo a portion of the scapula of a bat ; 
but its condition does not allow of a very accurate determination. If the two 
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were dredged up near each other, there is probably a deposit of bones at the 
spot whence they were obtained, similar to that of the east coast. Their dis- 
covery is of very great interest, and I am only sorry that I can add so little to 
their elucidation. I am, my dear Sir, 

Gwyn Jeffreys, Esq, Yours truly, 

25 Devonshire Place.’' W. Boyd Dawkins.’’ 

P.S. I may add that, before I left Shetland, Dr. Saxby kindly undertook, at 
my suggestion, to ascertain whether mammalian bones deposited in the sea 
would be eroded, and by what means. 


Preliminary Report on the Crustacea, Molluscoida, Echinodermata, 
and Codenterata, procured by the Shetland Dredging Committee in 
1867. By the Rev. Alfred Merle Norman, M.A. 

The further investigation is carried on in the Shetland seas, the more deeply 
interesting does the study of the fauna of that portion of our country become. 
Dredging in the depths of those northern waters, in which there is almost 
invariably a heavy sea, — at one time sweeping across the Atlantic, at another 
rolling away from Greenland, at another (as was the case for many weeks 
together during the present summer ) running from Spitzbergen and the ice- 
floes of the Arctic Ocean, accempanied by a keen, cutting north-cast ■wind, — 
is not altogether pleasant work for the naturalist. Yet, trying and difficult 
though the dredging may be, there is none to be compared with it in the 
British Islands; and every fresh summer your Dredging Committee have 
spent in investigating the marine fauna of Shetland, they have returned 
home only the more convinced of the greatness of the field of research which 
remains to be explored. Every square mile of the sea seems to have trea- 
sures to give up unknown to us before ; and the extent of the riches which 
lie there, one, two, three, four hundred fathoms deep, will perhaps never be 
known in our day. The extreme interest wJiich attaches to the Shetland 
sea is the circumstance that it is the trystiiig place of the northern and 
southern faunas : the warm influence of the Gulf-stream impinging on the 
western coast coaxes on many a species of sunnier climes to extend its migra- 
tion northwards, while the cold winds and waves which issue from the Pole 
and come drifting round the North Cape and LofFoden Isles, account for the 
many Arctic forms which, stunted in size and numerically scarce, are yet 
able in the equable temperature of the abyss of the Shetland waters to hold 
out against those southern influences so detrimental to their constitutions. 
The product of the dredging of the present year promises a rich harvest of 
additions to the British fauna ; and in those classes of which I more espe- 
cially undertake the examination I have already found most important 
results ; at the same time the few notes which at this time arc given must 
be only regarded in the light of a preliminary report. The passing of every 
specimen under the microscope, as must be done in the determining of all 
the smaller Crustacea, Hydrozoa, tfec., and the dissection and mounting of 
every specimen of the former not at once recognized, is necessarily a work 
of time ; and very much remains to be examined, especially among the 
Copepoda, Ostracoda, &c. 
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Crustacea. 

!First wo will take the Crustacea. In my Beporfc of Hebridean Dredging 
last year, I traced the genus XantJio northwards as far as the Isle of Mull ; 
and I have now to record the occurrence of a young specimen of X rlvulosa 
gome 350 miles further north, off the Island of Balta. A fine undesoribed 
Pagurus is perhaps nearest allied to P. cuanensis. The hand is remarkably 
broad, the finger especially so, and is furnished with three much elevated 
ribs, one at each margin, and the third central ; the margins are denticulately 
spined, and the wrist and upper edge of the second and third legs are also 
spinous ; the species may be named Pagurus tricarhmtus. Among the My- 
sidea are two genera not yet recorded as British. Nematopm serratus, G. 0. 
Bars, differs from Mysis chiefly in the structure of the abdominal feet and of 
the central tail-plate ; the species, when alive, is a beautiful little thing, 
having its white body prettily painted with red, and the eyes, which are 
large and kidney-shaped, of a brilliant ruby colour. The other genus is one 
which I would establish {Gastrosaccus) for the reception of the Mgsis saucta 
of Yan Beneden ( = spin if era, Goes); the marsujnal pouch, instead of 
being an appendage, as in Mgsis, of the last two thoracic legs, is attached to 
the last thoracic and first abdominal feet ; and the first abdominal feet in the 
female, instead of being the smallest, are the most fully developed, and con- 
sist of an elongated basal joint and two short branches ; while in the male 
the third abdominal foot is the more especially developed sexual organ. 
Gastrosaccus sanctus, though now first recorded, has been for many years in 
my collection, and was first sent to me by Mr. Edward, of Banff, who pro- 
cured it in the Moray Firth. Mgsis jlcxuosa, Spiritus^ vulgaris, Griffithsicc 
and Didelphys', Diastglis lamelhta, Iphithoe serrata, and Lamprops rosea 
were the remaining Stomapods. 

Among the Amphipoda the difficult family Lysianassidee is well repre- 
sented by Callisoma crenata, Anongx lougicornis, longipes, minutus, ohesus, 
and JTolhdlNi {=denticidahts, Bate), and by three additions to our fauna, — 
Anongx na mules of Lilljoborg, procured among Laminaria? at Lerwick and 
at Hillswick, Anougx tumidus of Kroyer, found in a sponge dredged thirty- 
five miles K.N.W. of Unst in 170 fathoms, and i^t^gocejdialus ampidla, 
Phipps. This last truly arctic species was dredged in 00-70 fathoms in 
St. Magnus Bay ; the single specimen procured is, as compared with Spitz- 
bergen examples, for which 1 am indebted to Professor Loven, as a pigmy to 
giants, bearing about the same proportionate size to its northern brethren as 
do the Leda pernula, taken in the same spot, to their Greenland relatives. 
Indeed, as a rule, those arctic Araphipods, which occur also on the British 
coast — for example. Gamma rus locust a and Amathilla Sahini — attain a much 
greater development within the Arctic circle. The Anongx tumidus, how- 
ever, of Shetland, shows no difference of size from Spitzbergen specimens. It 
may be questioned, however, w'hether this is a truly arctic species ; for 
although long known in the north, it has recently been recorded by Professor 
Heller from the Adriatic Sea ; and its discovery this year in Shetland gives 
an intermediate locality. The fact that it is an essentially parasitic species, 
which is never found except either in the branchial sac of Tunicata or in 
sponges, and that it is also an inhabitant of very deep water, may have led 
to its having been hitherto overlooked. 

Passing over all other Amphipoda hitherto known to our fauna, I have to 
announce the following important additions : —a species allied apparently to 



ON THE SHETLAND CRUSTACEA^ MOLLUSCOIDA, ETC. 439 

QalUopiiis, having subequal ovate guathopods ; but the peduncles of the an- 
tenna) are longer and the flagella shorter than is usual in that genus, and 
the meros of the peroiopods is not produced backwards and downwards ; a 
Pleustes (?), with smooth body, and hands somewhat resembling in structure 
those of the second pair in An^philoclms mamidenSj Bate, with the palm 
similarly crenated, but much more oblique ; a new genus allied in general 
characters of eyes, of gnathopods, and pereiopods, especially in the broadly 
flattened meros and carpus of the last pair, to Haploops, but having the an- 
tenncB furnished with an appendage ; an Atijlm, remarkable on account of 
the extraordinary length and slenderness of the legs, and having the hinder 
margin of all the abdominal segments serrate across the back with a larger 
central spine ; a Ofjriophimnj having the segments of the body furnished with 
spine-formed tubercles, which are much larger than those of C. tiihercularisy 
Bruzelius, from which it also differs in having the hand of the second gna- 
thopods shorter and broader, and th(' spine of the meros large and strong ; 
and a Coroplih(m^ with longer posterior iiropods and less strongly developed 
antennee than the species hitherto described. 

Of Isopoda the very rare species Faratanah rUjulus, B. & W., Pht^y,vus 
ahdoinimlls, parasitical in Ilippolyfe pusio/a, Leptaspidia hrevlpes, B. & W., 
and Oirolana spinipes, B. W., were found, together with what appears to 
be a new species of the last genus. The form comes nearest to the ^Jga 
crenulata of Lutken, agreeing with it iii having the tel son truncated and 
denticulate at the extremity; the general outline of the telson, however, 
differs from Lutken’s figure, and the uropods are of different form. 

My attention was especially directed during the expedition to the Ento- 
mostraca, and an enormous stock of material has been accumulated for 
examination. It has as yet scarcely been touched, but the following new 
things have already been observed. First and foremost is Cypridlna Nor- 
vegica of Baird — the largest of all European Ostracoda ; next is a very fine 
arctic Cythercis, CytJiereis costaPi of Biady, only known previously from the 
Ilunde Islands; ]\)}docyprn hipida, Cythei\is crcnidata, and Oythereis ahys- 
sicola arc species recently described by G. 0. Sars from the Norwegian seas ; 
and besides these there are four species of CytJiere, one Cytheridea, two 
Cyfherura (including by far the finest species of the genus yet known), and 
a species allied perhaps to ArgiUoecia cyJhdrka of Bars, which appear to be 
new to science. There are also several members of the families Alteuthidm 
and Ilarpacticidoiy together with a curious form, parasitic in Didemnaum 
gelatinosum, which J am unable as jet to determine, and believe to bo 
un described. 

The very rare and cujious burrowing barnacle, Alcippe lampas, Hancock, 
was inhabiting shells of Fasus atdkpnis, dredged five miles off Balta. 

Txjnicata. 

The Tunicata dredged were very few, but included Ascidia rudis, Alder, a 
large species discovered in JBGi, and this year procured between the Islands 
of Whalsey and Balta, In a cave in Bt. Magnus Bay, Thyhclim Normani, 
Alder, was living in great numbers ; it was only previously known in the 
Channel Islands, where it covers a large portion of the side of the famous 
Gouliot Cave, Salpa rumimta was met with in some numbers in the open 
sea thirty miles of Burrafirth Lighthouse, but was not observed 

nearer shore. 
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POLYZOA. 

Two or three fragments of the beautiful coral Hornera violacea of Sars 
were dredged between Balta and Whalsey in 40-50 fathoms. A fine spe- 
cimen procured by Mr. Barlee has long been in my collection. I found it 
among his Polyzoa bequeathed to me marked Shetland.” The confirmation 
of the discovery is, however, of importance, and this fine addition to our 
fauna is now for the first time made public. A very remarkable Lepralia, 
found between tidemarks at Balta, dilfers widely from all known species. 
The mouth of the hyaline, punctate, ovate cells, instead of being sessile, is 
elevated to the extremity of a long tube which rises from the polyzoary ; 
immediately below the origin of this tube is an ovate avicularium. A small 
patch of this species, consisting of a few cells only, in a very imperfect state, 
which I had met with among the things procured in Shetland by Mr. Barlee, 
was sent by me some years ago to Professor Busk, who attached to them the 
manuscript name Lepralia tuhulosa, a title which the species may most 
appropriately bear. There is also a new Eschara, and a few other species 
were found which are additions to the very long list of Shetland Polyzoa 
previously known to me. 

Echinodeemata . 

Among the Echinodermata the fact of Cidaris papillata and Spatangus 
meridionalis having been dredged in considerable numbers, living in 100-110 
fathoms, about thirty miles N.N.W. of Unst, is extremely interesting. The 
Cidaris has never before been dredged in our seas, the few specimens known 
having been obtained from fishermen’s lines. We kept it alive for some 
time, and found it to be remarkably sluggish in its movements. The Spa- 
tangus was not known anj^wherc north of the Mediterranean until 1864, 
when two specimens were obtained near the same spot in which it has this 
year been met with in greater profusion. A second British specimen of 
Archaster Parelii was found near the same spot as the species just referred to. 
An Echinocardiam was dredged by Mr. M‘ Andrew many years ago on the 
south side of Bressay Island, Shetland, and described and figured in the 
^Annals of Natural History’ for 1857, under the name of Amphidofus gib- 
hosus of Agassiz. The species was dredged this year in St. Magnus Bay, and 
I have seen a second specimen procured by Mr. D. Eobertson in the Clyde 
district, and a third found by Mr. Hodge on the Durham coast. It is most 
certainly not the Amphidetus gihhosiis of Agassiz, and I would propose to call 
it Echimcardhim pennatijidum, on account of the character of the pedicel- 
lariae, which are very different from the same organs in E, ovatum, its nearest 
ally, and remind us strongly of the form of fern leaves. 

C(ELENTEEATA. 

Lastly, in briefly noticing the Coelenterata, it is worthy of mention that 
Stoniphia Churchice, Bidocera Tuedice, and Pennatula phosphor ea, the last in 
most extraordinary profusion, were found in St. Magnus Bay, and that Ehizo- 
dine areolata, Merona cornucopice, and Dicoryne conferta^ live in about 50 
fathoms, five to seven miles off Balta. In company with these last were 
thousands of a Zoanthus, which sometimes lives entirely free, at others coats 
the shells of small univalve moUusca and then destroys their substance. This 
Zoanthics is, I believe, the Z, incrustatus of Scandinavian writers, and I am 
now perfectly satisfied that it is distinct from the Zoanthus Couchii, and 
from a form, perhaps also distinct from Z, Couchii, which was found on this 
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and on previous occasions in Shetland inhabiting very deep water and living 
parasitic upon sponges, thus being of similar habit to that species which has 
excited so much controversy lately, which lives upon Hyalonema mirabilis. 
In the open sea to the north of Unst I had the delight of seeing in profusion 
two lovely oceanic Hydrozoa belonging to the genera Diphyes and Physopkora, 
Unfortunately having no works upon the subject with me I was unable to 
determine the species, but I believe the former to have been D. appendicvlata* 
Diphyes has only once before been observed in British waters, and Physo^ 
phora was not known to inhabit them. The rapidity of growth in Diphyes 
is extraordinary, the coenosarc of a specimen kept alive w^as developed nearly 
three inches in a single night. 

These notes are necessarily brief, and 1 fear may have proved dry and un- 
interesting to the majority of the members in consequence of that very 
brevity. My excuse must be that it is much more easy to draw up a report 
of general interest when little has been done, and the habits and life-history 
of some particular animals can be dilated upon, than it is so to summarize the 
discoveries of a successful expedition as to make them in their necessarily 
condensed form interesting to others than purely scientific naturalists. 


Report on the Foraminifera obtained in the Shetland Seas. 

By Edward Waller. 

In making a report of the Foraminifera obtained in the several dredging ex- 
peditions to the Shetland Islands, undertaken by Mr. Jeffreys and liis com- 
panions from 1801 to the present year (in all of which, except that of 1863, 
I was a party), it was a matter of immediate importance to consider some of 
the works recently published on the British Foraminifera, for the purpose of 
deciding upon the mode of classification, the nomenclature, and the enumera- 
tion to be adopted in presenting the results of our explorations. 

Mr. Williamson’s recent ‘ Foraminifera of Great Britain,’ published by the 
Bay Society in 1858, illustrated with admirable plates, and containing gene- 
rally very lucid descriptions, will necessarily be in the hands of all studying 
the British Foraminifera, and may be taken, mthout much change, as afford- 
ing a fair representation of the then known forms which were sufficiently 
distinct to be named and figured. 

The beauty of the objects and the information in the book will, doubtless, 
soon stimulate explorers elsewhere, as they have done on the Scottish and 
Durham coasts, to make additions to our species. 

The subsequent work of Dr. Carpenter on the study of the Foraminifera, 
published by the Bay Society in 1862, wai^ based on very extended inquiries 
into both recent and fossil Foraminifera by himself and Messrs. Parker and 
Jones, and opened up views of classification which differed very much from 
previous modes, including Mr. Williamson’s. 

Dr. Carpenter’s system has regard more to th construction of the animal 
inhabitant than to the outline of the shelly covering, and seems at once to 
have a more natural foundation, and, from certain characters of the shell, 
suited to the animal construction, to afford a more obvious and accurate divi- 
sion of the objects. The new arrangement requires a considerable change in 
the names of species, &c. 

I propose, therefore, in the appended list to follow the classification and 
nearly the nomenclature of Dr. Carpenter and his colleagues, and to take Mr. 
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Willie-mfifon’e work a basis for tho enumeration of the various forms of our 
reeeut Foraminifera. 

In taking this course, I but follow in the steps of Mr. H, B. Brady, who 
published in the Transactions of the Linnean Society, vol. xxiv„ a list of the 
Shetland Foraminifera, derived principally from dredgings furnished by Mr, 
Jeffreys and myself, with some additions from my own examinations. His 
catalogue has been so carefully constructed, and his investigation of any 
doubtful species introduced into Mr. Williamson’s book on questionable 
authority has been so full, that I am relieved from difficulties I should 
otherwise have been unable to surmount within the time elapsed since my 
return from the Shetlands, and I have little to do except to continue his work 
up to the present time. 

Mr. Williamson describes 104 species and varieties, of which Mr. Brady 
remarks that three are most probably fossil, and that two others have been 
withdrawn as Mediterranean, introduced by accident. Deducting these, there 
remain 99 recent British Foraminifera known at that time. Mr. Brady, in his 
Shetland list, gives 92 of those, and adds 19 new forms, making 111 in that 
district, and 118 in Britain. Mr. Brady, in vol. i. of the Natural History 
Transactions of Northumberland and Durham, describes from those coasts (> 
Foraminifera new to Britain ; and in his report to this Association on the 
Foraminifera of the Hebrides as resulting from Mr. Jeffrey s's dredging in 
1866, he gives eleven more species, and 1 now add from the Hhetlaiids one 
more new to Britain, raising its list to 18(). I have also found four of the 
new Durham species in dredgings of 1864, but too late for Mr. Brady’s pub- 
lications, and in the present year’s examinations three of the new forms of 
the Hebrides and two of Mr. Williamson’s not before noted, thus bringing iij) 
the Shetland list to 121, or within 15 of the whole British forms. 

That of those 136 species or varieties from the imtire range of the British 
coasts so large a proportion as 121 should be found in a limited district at 
one extremity of the cm])ire, is a result which I believe could scarcely be ob- 
tained in any other department of natural history ; and it may, perhaps, bo 
no unfair conclusion, from this and their bathymetrical conditions, that slight 
changes of climate have little influence on those low forms of life, while depth 
of water has greater power of limitation, some species being only known 
close to the shore or in very shallow water, while in the great depths are found 
only a few and different forms. It is, however, true that by the advance 
northward the Shetland Foraminifera approach more nearly to the Norwegian 
species and varieties than do those of the southern parts of England and 
Ireland. 

I have many specimens from this year’s dredgings which will require 
considerable time to work out satisfactorily. Some of them have been kindly 
examined by Mr. Rupert Jones, and I hope for his further assistance ; and I 
expect that, in conjunction with Mr. Brady, I may be able, at no distant time, 
to have them fully described and figured. There are new forms of Biloculina^ 
Oauclryina, Dimorplnna, Cornmpira and, I believe, Bolytrema, which will 
afford considerable additions to our known species, and, I think, prove that 
our Shetland dredgings have given satisfactory results in this branch of our 
fauna. 
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SUBKINGDOM PROTOZOA. 
Class RHIZOPODA. 

Order RETICULATA. 

{Foraminifera, ) 

Suborder Imperfouata. 


Pamily Miliolida . 


Genera, Species, and 
Varieties, 


References to Williamson's ‘ Monograph.’ 


OoRNUMPiRA, Schultze. 

foliacoa^ Plulippi . . . . 
Biloculina, B'Orh. 

ringens, Lamh 

depressa, 7)’ Orh 

elongata, IP Orh 

sphsera, I)' Orh 

contraria, lyOrh 

Spiroloc'Ulina, D'Orh. . . 

limbata, BOrh 

plamilata, Lamh. . . 
caualiculata, B'Orh. . . 
excavata^ B'Orh. . . . . 
Triloculinv, B'Orh. 

trigouula, Lamh 

oblonga, Montagu . . . . 
tricarinata, B'Orh. . . . 
Quinqueloculina/ B' Orh. 
eeminuluni; Linn. . . . 
subrotunda, Montagu . 
bicoriiis, W. 8^' J. .... 

secans, B'Orh 

Berussacii, B'Orh 

pulchella, B'Orh. . . . , 


Names. 

Spirillina foliacea . . . 


Biloculina ringens 
n 
n 


var. carinata . , , . 
var. Patagonica. . 


Spirolociilinn depres.sa 
11 


’\ar. rotundata 
var. cyinbium 


Milioliiia trigoniila 

Miliolina seminulum, Aar. oblonga . . 


iniliolina seminiihiin , 


Miliolina bicoriiis 

„ semiiuilum, var. disciformls 
,, bicoriiis, var. angulata . . . . 


Figures. 

199-201. 

109-171. 

172-174. 

175&176. 


177. 

178. 

179. 


180-182. 
180 & 187. 


183-185. 


190-194. 
188 & 189. 
190. 


Trochaimmtna, 1\ ^ J. 

incerta, B'Orh 

inflata, Montagu 

Lituola. 

scorpiurus, Montfort . . 
Oanariensis, B'Orh. . . 
Valvulina, B'Orh. 

Austriaca, B'Orh 


Family Lituolida. 

Spirillina arenacea. , 
Uot.xlina inflata . . . , 

Nouionina Jeftreysii 
Botalina Cu.sca . . . . 


203. 

93 & 94. 

72&7i’ 

1U&115. 


S ubordcr Perforata. 


La GENA, Walher. 


sulcata, W J. 


laevis, Montagu 
striata, Montagu 


Family Lagenida. 

( T^agena vulgaris, var. striata 

J „ „ var. interrupta .... 

] „ „ var. perliicida, parte 

[ Entosolenia costata 

j Lagena vulgaris 

] „ „ var. clavata 

j Lagena vulgaris, var. gracilis 

I „ „ var. substriata .... 


10 . 

11 . 

8 . 

18. 

bkba. 

6. 

12 k 13 . 
14 . 
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Genera, Species, and 
Varieties. 


References to Williamson’s ‘ Monograph.’ 


Lagena, Walker, 

semistriata, WiU, . 
globosa^ Montagu . . 

marginata^ Montagu 

omata, Will 

pulchella, Brady . . . . 

squamosa; Montagu 

melo; D'Orh. 

caudata, D'Orh 

distoma, P. Sf J. ... . 
crenata, P. J, . . . . 
Jeffireysii, Brady . . 
NodosaeiA; Lamk. 
lonncauda, D'Orh, 
rapnanistium, Linn. 

pyrula, D'Orh 

Dent ALIN A. D'Orh. 

communis, pyOrh. . . 

obliqua, I)' Orb 

Vaginulina, D’ Orb. 

legumen, Linn 

linearis, Montagu . , 
CristellariA; Lamk. 

rotulata, Lamk 

crepidula, F. ^ M.. . 

Marginulina, D'Orb. 

lituus, D'Orb 

Lingulina, D'Orb. 

carinata, D'Orb. . . 
Glanrtjlina, D'Orb. 

laevigata, D'Orb. . . 
Polymorphina, D'Orb. 
compressa, D' Orb. . . 

lactea, W.SfJ. 

acuminata, Will. . . 
oblonga, Broion .... 
concava, Will. .... 
tubulosa, D'Orb. . . 
myristiformis, Will. 
Uvigerina, D'Orb. 

pygmaja, D'Orb 

angulosa, Will. .... 

Orbulina, D'Orb. 

universa, D'Orb. . . 
Spirillina, Ehrmh. 
vivipara, Ehrenh. . . 



Names. 

Lagena vulgaris, var. semistriata .... 
„ „ var. perlucida, parte 

Entosolenia globosa 

Entosolenia marginal a 

„ „ var. lucida . . 

„ ,, var. quadrata 

Entosolenia marginata, var. ornata . . 
,, „ var. lagenoides 


Entosolenia squamosa 

„ „ var. scalariformis . 

„ „ var. hexagona . . 

Entosolenia squamosa, var. cateniilala 
Entosolenia globosa, var. lineata . . . 


Nodosaria radicula 

Dentalina subarciiata, \ar. jiigosa 
Nodosaria pyrula 


Dentalina subarcuata 

„ „ var. jugosa 

Dentalina legumen . 

„ „ var. linearis. . . . 

) Cristellaria calcar 

) „ „ var. rotifer 

j Cristellaria calcar, var. oblonga . . . . 1 
( „ subarcuatula j 

Cristellaria subarcuatula, var. elongata | 

Lingulina carinata | 


Polymorphina lactea, parte 

) Polymorphina lactea, parte 

I ,, communis 

Polymorphina lactea, var. acuminata 

„ „ var. oblonga . . 

„ „ var. concava . . 

„ ,, v^ar. tistulosa . . 

Polymorphina myristiformis 

Uvigerina pygnima 

„ angulosa 

Family Globigerinida. 

Orbulina universa 

I Spirillina perforata 


Figures. 

9. 

7. 

15 & 16. 
19-21. 
22&23. 
27 & 28. 
24. 

25 & 26. 


29. 

30. 
32. 

31. 
17. 


36-38. 

43&44. 

39. 

40 k 41. 
42. 

45. 

46-49. 

52 & 53. 

54. 

55. 

56-59. 

02 . 

33-35. 


145. 

146&147. 

153-155. 

148. 

149&149rt. 
151 & 152. 
150. 

156&157. 

138 & 139. 
140. 


4. 

202 . 
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Gf>nera, Species, and 
Varieties. 

Globigebina, D'Orh, 

bulloides, lyOrh 

Textulabia, Bef ranee, 

variabilis, Will, 

pygmsea, B'Orh 

dinormis, B^Orh 

sagittula, Defrance. , , 

trochus, BBrh 

Bigenerina, D'Orh. 

digitata, B'Orb 

nodosaria, B'Orb 

Verneuilina, B'Orb. 

polystropha, Reuss .... 

Bulimina, B'Orb, 

pupoides, B'Orb 

marginata, B'Orb 

aouleata, B'Orb 

ovata, B' Orb 

convoluta, Will. 

elegantissima, B'Orb, , 
Vibgulina, B'Orb. 

Schreibersii, Czjzek. . . 
Bolivina, B'Orb. 

punctata, B'Orb 

Cassidulina, B'Orb. 

leevigata, B'Orb 

crassa, B'Orb 

Discorbina, P. ^ J. 

rosacea, B'Orb 

ochracea, Will. 

f lobularis, B' Orb 

^ertheloti, B'Orb 

Planorbulina, B'Orb. 
Mediterranensis, B'Orb 
Haidingerii, B'Orb. . . 

Ungeriana, B'Orb 

Truncatulina, B'Orb, 
lobatula, Walhei' .... 
refulgens, Montfort . . 
Anomalina, B'Orb. 

coronata, P.^J. 

PULVINtlLINA, P. J. 

repanda, F. Sf M. .... 
auricula, M. .... 
concentrica, P. J. . . 

Karsteni, Rems 

Rotalia. 

Beccarii, Linn 

nitida. Will 

orbicularis, B'Orb 

Tinoporus, Montfort. 

Iflevis, P.SfJ. 

Patellina, Will. 

corrugata, Will 


Names. 

Globigerina bulloides 

Figures. 

116-118. 

Textularia variabilis 

„ „ var. laevigata . . 

„ „ var. snathulata 

„ „ var. ailFormis . . 

Textularia cuneiformis 

„ „ var. conica . . 

162 & 163. 
168. 

164 & 165. 
166 & 167. 
158 & 169. 
160 & 161. 



Bulimina \ P’' \ 

136 & 137. 

i arenacea, pi. 98 j 


Bulimina pupoides 

„ „ var. marginata .... 

„ „ var. spinulosa 

„ „ var. fusiformis .... 

„ „ var. convoluta 

Bulimina elegantissima 

124&125. 

126&127. 

129&130. 
1.32 & 133. 
134&136. 

Bulimina pupoides, var. compressa . . 

131. 

Cassidulina Isevigata 

„ obtusa 

141 & 142. 
143 & 144. 

Rotaliiia mamilla 

„ ochracea 

„ concamerata (young) 

109-111. 
112 & 113. 
104 & 105. 

Planorbulina vulgaris 

119&120. 



Truncatulina lobatula 

121-123. 





Rotalina concamerata 

„ oblonga 

101-103. 

98-100. 



Rotalina Beccarii 

„ nitida 

90-03. 

106-108. 



Patellina corrugata 

j 88-89. 
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Pamilj^ Kummitlinida. 


Genera, Species, and 
Tarieties. 

References to Williamson’s ‘ Monograph/ 

NUMMULtNA, B'Orh. 

radiata, F. 8^' M. 

OPEHCtTLINA^ IfOrh. 

ammonoidcs, Gron. . . 
Polystomklla. 

crispa, Liiik 

Btriato-pimctata,/^^^*^/. | 
7^. 8' d. 

Names. 

Niinimulina planatula ............ 

Noiiionina elegans 

Polystoinella crispa 

Polystomella umDilicatiila 

l^olystomella ,, ■sar. incerta 

Figures. 

76&77. 

74&76. 

78-80. 

81&82. 

82a. 

NonIOxINA, D'Orh, 

tUvgitIa, Will. 

umbilicatiila, Montagu. 

deprcssula, ir. cS*#/. •• || 

Hotalina tuvgida 

Noiiionina l^arloeana 

Nonionina umbilicatiila, p. 97 . . . [ 
Nonioniiia ciassiila, p. 33 ) 

96-97. 

08 & 09. 

70&71. 

stelligera, D’Orfi I 






Appendix to the Fourth Report on Dredijimj among the Shetland Isles. Addi^ 
Hons to the British Fauna. By Di\ Albert Gunther, F.B.S* 

Although we are very well acquainted with the marine fishes inhabiting the 
shores of Great Britain and Ireland, our knowledge of the pelagic and deep- 
sea forms is extremely scanty. Of the Dealfish {Trachyptems arcticuF), a 
ftsh by no means uncommon in the northern and eastern seas of Scotland, I 
have never seen a British example in a good state of preservation. Now and 
then, after the gales of the vernal equinox, a mutilated specimen of the 
llibbonfish (Begalecus Banlcsii) is drifted ashore, rarely to fall into the 
hands of a naturalist, generally to be cut up as bait for the lobster-pot. 
The British species Leptocephalasii^ not better known than the allied forms 
from the Mediterranean and tropical seas. Others, like Centrolophus, are 
known from single examples only. Their development, as well as that of 
many of the more common forms which si^awn in tlio open or deep sea, is 
perfectly unknown. 

In seeking information concerning this part of the British fauna, We are 
not hunting after a shadow : there is evidence enough to show that the 
depths of the British seas are inhabited by a fish-fauna very different from 
that of the coasts, and that this fauna is composed of two elements — first, of 
those which may be regarded as indigenous, and, secondly, of such forms as 
are frequently, perhaps constantly, carried by currents from more southern 
parts of the Atlantic northwards, even to the coasts of Norway (Antennarlus, 
Batrachus, Beryx) — not to mention those fishes which by their strong power 
of swimming are enabled to reach our shores in their migrations, as Ausonia. 

The causes of our incomplete knowledge of these fishes are evident : zoo- 
logists were either not aware of the existence of such a fauna, or satisfied 
with the stray specimens thrown in their way by accident ; while the diffi- 
culties surrounding the examination of the deep-sea fishes are so great as to 
render all progress in attaining to a knowledge of them extremely slow. 
Still it may be hoped that, after the attention of naturalists has been directed 
to the subject, no opportunity will be lost of advancing it. 
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Such an opportunity occurred to Mr. J. Gwyn Jeffreys, who, during his ex- 
ploration of the marine invertebrate fauna of the Shetland Islands, preserved the 
specimens of fishes which were brought up in the dredge from a depth of from 
80 to 90 fathoms. Small as the number of specimens is, the result of their 
examination proved to be most interesting and satisfactory, inasmuch as they 
belong to four species new to the British fauna, two being now to science, 
viz. Aynmodytes skulus (Swains.), Motella macrophtJialma (sp. n.), CalUorvy^ 
mils maculat'iis (Bonap.), and Gohms Jeffmjsii (sp. n.). On former occa- 
sions I have pointed out that the geographical range of deep-sea fishes 
appears to be extended in proportion to the vertical depth inhabited by them, 
and that they are either distinguished by an increased size of the eyc to col- 
lect as many rays of light as possible, or by a rudimentary condition of that 
organ, as is the case with fishes inhabiting caves. This is in some measure 
verified by the species collected by Mr. Jeffroj^s, which, however, it must bo 
remembered, inhabit a much less depth than lieyaleciis, Floyyodiis, &c. Two 
of them (CaUionymus 'niaculatus and Ammodytes siciilus) were previously 
known as occurring in the Mediterranean ; and the eyes of three of them 
arc conspicuously larger than in their congeners {Ammodytes lancea, CalUo- 
'iiymus lyrcif and Motella trkirrata). 

1. Ammodytes skulus (Swains.). 

(Smooth Saiid-Launce.) 

This species was hitherto known from Sicily only. For description see 
Giinth. Fish. iv. p. 380. 

2. Motella macroj)htlialma. 

(Large-eyed liockling.) 

Giinth. Ann. k Mag. Nat. Hist. 1867, vol. xx. p. 290, pi. 5. fig. B. 

This species has three barbels, one at each of the anterior nostrils and one 
at the chin. It is distinguished from specimens of the same siise of the 
other thrcc-bcarded species by its large eye, the diameter of which, in tlie 
specimen obtained, is as long as the snout, one-fourth of the length of the 
head, and much longer than the Avidth of the inierorbital space. The teeth 
of the mandible are very unequal in size, some being canine-like. The ante- 
rior ray of the rudimentary first dorsal fin is about as long as the eye. D. 55* 
A. 55. Back with narrow brownish cross bars. 

Three inches long. 

The figure quoted represents the specimen of the natural size. For the sake 
of comparison the figure of the head oi Motella trklrrata (B')has been added. 

3. Calllonymus maculatus, Bonap. 

(The Southern Dragonet.) 

Giinth. 1. c. p. 290, pi. 5. fig. A. 

This species is common in the Mediterranean ; but it has been also ob- 
served on the coast of Norway. It is easily recognized by the shortness of 
the snout relatively to the diameter of the eye. 

4. Gohius Jeffrey sii, 

1). 6 I 10. A. 9. L. lat. 30. 

Giinth. 1. c, p. 290, pi. 5. fig. C. 

Body as deep as broad anteriorly, its greatest depth being ope half of the 
length of the head, which is two- sevenths of the total (without caudal). 
Head depressed, broader than high, its greatest width being two-thirds Of its 
length. Snout of moderate extent, though shorter than the eye; lower jaw 
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projecting beyond the upper. Eyes very close together, large, their diame- 
ter being two-sevenths of the length of the head. Dorsal fins higher than 
the body ; the second dorsal spine more or loss prolonged. The pectoral and 
ventral fins reach equally far backwards, to the vent. A series of five 
rounded blackish spots along the lateral line, the last being on the root of 
the caudal fin. Dorsal fins with series of black spots; outer half of the anal 
blackish. A blackish bar below the eye. 

Three specimens, two inches long. 

The only British species with which this Goby might be confounded, and 
to which it is evidently allied, is Oohius rhodopterus (Gthr.) ; however, this 
latter species is said to have the interorbital space broader, its width being 
equal to one half of the diameter of the eye (Cuv. & Yal. xii. p. 50) ; and 
M‘Coy, who examined two Irish examples, describes the snout as very 
short, tumid, and convex,” which character cannot be applied to G, Jef- 
freysii. 


Second Report of the Rainfall Committee, consistmg of J. Gl\isher, 
F.R.S,, Lord Wrottesley, F.R.S., Prof. Phillips, F.R.S., J. F. 
Bateman, F.R.S., R. W. Mylne, FM.S., C. Brooke, F,R,S., T. 
Hawksley, C.E,, and G. J. Symons, Secretary. 

Your Committee consider it will be convenient that the present Report should 
be so arranged as readily to compare with the previous one ; the different 
branches of rainfall investigation are therefore classed under the same head- 
ings as in the last Report, and new branches are noticed subsequently. 

1. Extraction and Classification of published liecords. — This very important 
work, which was temporarily suspended to allow of more urgent matters 
being pressed on, has now been resumed, and will be steadily pursued ; it may 
be desirable to state that its completion must not be expected for some few 
years ; the labour involved is excessive, but time and perseverance will ensure 
the accomplishment of the work, a work not for present use alone, but of the 
greatest service to all future inquirers. 

2. Examination of Rain-gauges. — Steady progress has been made in this 
matter, Mr. Symons having during the year visited and tested sixty gauges ; 
full details of the examinations are annexed to this Report. By reference to 
the list of stations in the British Association Report, 1865, pp. 192-242, it 
will be seen that nearly every gauge in the counties of Kent and Sussex has 
been visited and tested. 

3. Inclined arid Tipping Funnelled Gauges. — These instruments were fully 
described in the last Report ; Mr. Chrimes, who kindly undertook the entire 
cost of the erection and maintenance of these instruments, has continued the 
observations, which it affords us much pleasure to state will shortly be 
examined by Professor Phillips. 

4. Influence of River Mists on the Amount of Rain collected. — This question 
remains exactly in the same position as at the time of our last Report, since 
the following suggestion, thrown out by Mr. Symons in “ British Rainfall, 
1866,” p. 7, has met with no response, “ I feel rather beaten by these diffi- 
culties, and do not see how to solve the original proposition of determining 
the influence of river mists on the amount of rain collected, unless it be by 
transferring the Shepperton gauges to some fiat dry district, tolerably uniform 
in its level, with a large piece of ornamental water, and then the gauge 
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might either be placed on an island,- if free from trees, or float moored in the 
centre of a pond or lake. If any observer can offer these conditions, I shall 
gladly place the instruments at his service, as the expediency of con- 
tinuing them in their present state seems doubtful.” 

5. Additional Rain-gauges in DerhysTiire, — The remarkable geological 
formation of this beautiful county has specially marked it out as a field of 
rainfall research ; some valuable but fragmentary observations were made by 
Mr. Bateman on the rainfall in the neighbourhood of the Peak, and observa- 
tions have long been taken at Combs Moss, Chapel-en-le-Frith, Woodhead, 
and other stations in the N.W. of the county ; from 1761 to 1813 a very 
regular record was kept at Chatsworth ; for a quarter of a century Mr. Davis 
has been observing with great care at Derby, having been preceded in the 
same town by Mr. Swanwick, who also observed for twenty-five years at the 
beginning of the century. From this it may be inferred that the mean fall, 
and'the secular variation of annual fall, at certain points in the county are 
pretty well determined ; but hitherto we have had little or no information as 
to the relative fall in different parts of the county, and specially in that most 
interesting district which lies between Ambergato and Eowsley, having Mat- 
lock for its centre. Cordially assisted by the Hon. and Eev. O. W. Forester, 
the Eev. J. M. Mello, and Mr. Davis of Derby, we have the pleasure of 
noticing considerable progress in the investigation of this question. There 
are stiU deficiencies in some parts of the county which wc purpose bringing 
before the residents so as to render the cordon of stations complete. 

6. Additional Gauges in the Lake-district, — The erection of any more 
rain-gauges in the English Lakes may at first sight appear superfluous and 
undesirable, but a little explanation will, we think, convince aU that their 
organization by Mr. Symons is a most important step in rainfall work. Up 
to 1844 we believe no greater annual fall than 90 inches had been recorded 
in any part of the British Isles. Dr. Miller, of Whitehaven, planted a gauge 
at Ennerdale Lake in November 1843, and yearly increased and varied his 
stations until the fall in the valleys of Wastdale and Borrowdale, and Sea- 
thwaite ” and “ The Stye,” became with meteorologists as well known as 
London or Dundee. In 1853 these were all discontinued, save those in 
charge of Mr. Dixon at Seathwaite and the Stye. In 1864 Isaac Fletcher, 
Esq., F.E.S., of Tarn Bank, reorganized the stations in these valleys, while 
some of the other valleys were taken charge of by other observers ; this being 
the condition of affairs in Cumberland, and Captain Mathew having at the same 
time undertaken to investigate the fall of rain in the Snowdonian range, Mr. 
Symons felt that this was an especially eligible time for examining if the 
remarkable falls* so clearly proved to exist in the vicinity of Scawfell extend 
far therefrom ; and for this purpose he devoted nearly two months last autumn 
to personally superintending the erection of gauges in parts of the Lake- 
district far removed from the sites of the other gauges, out of the ordinary 
routes of tourists, and, as some would have thought, out of the district of re- 
markable rains. The results of these observations will be fully noticed in 
our next Eeport. 

7. Percentage of Annual Rain which falls Monthly in different localities,— 
Under the head of “ Extraction and Classification of published Records we 
have explained that all available returns of the fall of rain at any time, and 
in any part of the British Isles, are being carefully collected. These returns 
are tabulated on sheets, whereof a facsimile is appended to this Eeport, and 

^ In 1866 the enormous fall of 225 inches was measured at the Stye. 
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of which about 300 are perfectly filled, as is Table I., and between 4000 
and 5000 are in process of filling. It miist not be supposed that this large 

Table I. 

EAINFALL AT KENDAL. 


Observer, S, Marshall, Esq. Authority, MS. Betuni. 

Eain- f By Mr. Marshall, 

gauge, 1_ Diameter, 8 m. Height aboTe Ground, 4 ft. 6 in. Above Mean Sea-level, 149 ft. 


Year 

1830. 

1831. 

1832. 

1833. 

1834. 

1835. 

1836. 

1837. 

1838. 

1839. 

Means. 

January ... 

•43 

1‘62 

2*28 

1*63 

14*76 

5*35 

3 ’94 

3*43 

I7I 

5*32 

4*047 

February 

477 

821 

4*26 

4-58 

5*72 

8*82 

3*92 

5-84 

1*01 

5*74 

5-287 

March 

5-05 

6-03 

3*55 

2*07 

5*17 

5*05 

6-34 

1*98 

4*00 

6*07 

4*531 

April 

5’66 

2-44 

2*23 

375 

1*04 

1*59 

2*84 

i-6i 

2*95 

1*26 

2*537 

May ...... 



j*6o 

2*53 

1*64 

3*o6 

•05 

1*20 

2*13 

•71 

1-647 

June 

5‘29 

2-68 

4*64 

7*72 

6*70 

1*25 

8*00 

3*61 

2*89 

3*10 

4-588 

1 

4*96 

4*o8 

2-64 

2*23 

505 

6*26 

905 

4*73 

6*07 

8*46 

5*353 

August . . 

4*22 

370 

4*43 

1*97 

6-17 

3*11 

3*76 

3*11 

7*63 

7*28 

4*558 

September . 

8*03 

6-39 

2*30 

3*53 

4*91 

7*8 1 

5*90 

4*i8 

2*71 

7*44 

5*320 

October ... 

4*69 

ii‘8i 

8*35 

3*75 

4*72 

4*39 

3*97 

5*32 

7-03 

3*30 

5*733 

November . 

I 0'02 

8*56 

5*37 

7*44 

4*21 

6*31 

801 

6*i8 

4*03 

4*35 

6*448 

December .. 

2*o8 

4-98 

804' 

14*22 

5*05 

2*89 

8*« 

7*20 

358 

4*94 

6-153 

Totals .. 

( 

58-03 

61*42 

49*69 

55*42 

65-14 

55'*9 

64-33 

48-39 

45*74 

57*97 

56*202 


proportion of incomplete sheets implies imperfect registers, such is not the 
case ; the appearance depends on the fact that, for facility of reference and 
entry, it was necessary to make all the forms commence with some uniform 
date, and as the observations were of course commenced in various years, 
there thus (temporarily) appear to be far more fragmentary registers than 
there really are. The register sheets, it wiU be seen, are to a considerable 
extent self-proving, while the decennial period possesses advantages which 
are self-evident. Those sheets form the basis of the investigation now to 
be described. It will be seen that the last column in the register sheet gives 
the mean fall in the month and in the year ; the former divided by the latter 
(the decimal being of course shifted) gives the percentage, of the yearly 
amount, which fell in each month. The computations are at present only 


Table II. — Monthly Percentage of Mean Annual Eainfall, England, 
in the years 1850-59. 


Mean 
Annual 
Fall from 

15 in. 
to 

20 in. 

20 in. 
to 

25 in. 

25 in. 
to 

30 in. 

30 in. 
to 

3 5 in- 

35 in. 
to 

40 in. 

40 in. 
to 

45 in. 

. 

45 in. 
to 

50 in. 

50 in. 
to 

60 in. 

Above 
60 in. 

Mean of 
all 

Stations. 

January . . . 

7*7 

8*0 

8*8 

9*4 

10*3 

11*4 

9*3 

11*8 

14*0 

io*o8 

February.. 

4*7 

4*9 

5*0 

5*9 

6-5 

7*3 

7*7 

7*3 

9*4 

6*52 

March 

5*3 

5*2 

5*4 

5*7 

6*6 

6*6 

5*3 

6*1 

5*9 

5*79 



6*9 

7*1 

7*2 

7*2 

6*9 

6*8 

5-6 

6-5 

5*6 

6*64 

May 

7*3 

7*9 

7*5 

6*4 

6 0 

5*9 

4*9 

5*5 

4*1 

6*17 

June 1 

8*7 

9*1 

8*1 

8*3 

8*4 

7*7 

9*4 

7*5 

6*4 

8'i8 

July 

12*4 

11*6 

10*2 

8*7 

8*3 

7*7 

9*4 

7*7 

j 7*0 

9*22 

August . 

11*8 

10*6 

9*6 

9*3 

8*9 

8*6 

10*9 

8*8 

9*1 

9*73 

September. 

9*3 

9*0 

8*9 

8*8 

8*3 

7*6 

8-6 

8*1 

7*1 

8*41 

October .. 

10*7 

11*8 1 

12*6 

12*1 

11*8 

10*9 

10*9 

10*7 

9*9 

11*27 

November. 

8*9 

8*5 , 

9*0 

9*^ 

8*8 

9*2 

8*7 

9*0 

8*9 

8*89 

December.. 

6*3 

6*3 

7*7 

9*1 ! 

9*2 

10*3 

9*3 

1 1*0 

12*6 

9*10 

Stations ... 

4 

29 

28 

10 i 

6 

4 

2 

3 

3 

89 
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complete for England and for the ten years 1850-59 inclusive. The results 
are so striking and seem likely to have such an important bearing on ques- 
tions of water supply, and (probably to a less extent) on agricultural matters, 
that we think it would be wrong to suppress them because we hope to report 
fuUy on the subject next year, and that we shall best discharge our duty by 
reporting the facts which have been ascertained, but prefixing the caution 
that although these deductions are based on daily observations for ten years 
at each of ninety stations, yet that this apparently firm basis is by no means 
unassailable ; the laws that hold good in one ten years may not be so mark- 
edly confirmed by other ten years, and those which hold south of the Tweed 
may be reversed or modified in the sister countries. Table II. indicates the 
results at present obtained. 

8. Approximate Determlmtion of the Heujlit of Rain-gauge Stations above 
Sea-level . — There having been very many stations (perhaps 500 out of a 
total of 1500) the altitude of which above the mean level of the sea was un- 
known, considerable attention has been given to the determination of this 
important clement. Before noticing the steps we have recently taken, it 
may be well to state briefly what is meant by the apparently simple term 
height above mean sea-level,’^ and to what extent this information is ob- 
tainable. “ Mean sea-lcvcl,’^ otherwise called ‘‘ Ordnance Datum, is the 
mean height of the sea as recorded by the tide-gauge erected at Liverpool by 
the Ordnance Survey Departmeni, and it is the zero from which all their 
altitudes are measured. The altitudes determined by the Ordnance Depart- 
ment have been published in two forms — (1) in works entitled Abstracts of 
Spirit Levelling in England and Wales, Scotland and Ireland,” wherein, as 
the title implies, are given the heights of certain marks, called Benchmarks, 
(/|\) cut on milestones and other jjcrmanent objects along some of the 
principal roads in the British Isles ; (2) in the maps on the 6-inch (and now 
on some of the 1-inch) scale the altitude of many points are given, and 
contour lines are also marked. This excellent system being in operation, it 
may be asked why this Committee have done anything in the matter ; the 
reply is very simple and, we think, conclusive. We have not attempted in 
any way to supplant or encroach on the functions of the Ordnance Depart- 
ment ; but we have called the attention of our observers to the benefit de- 
rivable from levelling to the nearest marks, sometimes on their own lodge- 
gates, yet unknown to them. In this way we have endeavoured to popularize 
and extend the benefits conferred by these government levels. But there are 
many places ten, fifteen, or more miles from the nearest benchmark, and for 
the benefit of observers thus situate, the following arrangements were made. 
Notice was sent to about 800 rainfall observers that they would be doing 
good service by taking careful readings of their barometers thrice daily (9 a.m., 
3 P.M., and 9 p.m.) for ten days. May 24th to June 2nd, 1 867, entering them 
on a printed form sent with the notice, and when filled returning the same to 
Mr. Symons. These documents were then sorted into two groups, the one 
comprising only returns from stations at which the index-error of the baro- 
meter and its height above the mean level of the sea were -known, and the 
other group comprising those stations of which the height was unknown. 
The returns having been carefully cleared of all errors, intercomparison of the 
ultimate results has given us a secondary series of altitudes probably correct 
to 10 or 20 feet, being accurate enough for, all rainfall purposes, these being 
also available as primary stations should a repetition of the process be 
necessary at any future time. 
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EXAMINATION OF llAIN-GAUGES. 


Reference 

number. 

Date of 
examination. 

County. 

Name of station, owner, and 
observer. 

Constructioi 
of gauge. 

Maker’s name. 

Time of 
reading. 

167. 

1866. 
Aug. 16. 

Cumberland 

i 

Borrowdale, Seathwaite, Mrs. 
Abberley. 

III. 

Potter 

9 a.m. , 


168. 

Aug. 28. 

Nottingham 

Nottingham, Welford Bridge, 
E. W, Mylne, Esq. 

X. 

Negretti & Zambra 

9 a.m. 

169. 

Aug. 31. 

Sept. 18. 


Chapel-en-le- Frith, M. S. & Tj. R. 

Till. 

CasartelU 

9 a.m. 

Cumberland 

Derwent Island, H. C. Marsliall, 
E.sq. 

i 

Ill 

Casella 

9 a.m. 

170. 


1 71. 

Sept. 18. 

Cumberland 

i Kcsw'irk, Crow Park, H. C. 

1 Marshall, Esq. 

j 

XII. 

Casella 

month- 

Iv. 1 

1 

i 

172. 

Sept. 19. 

Cumberland 

1 

1 Borrowdale, Seathwaite, 1. 
j Fletehcr, Esq., F.R.S., Mrs. 
j Abberley. 

1 

See 
page 
j 4Gh. 

! 

Cooke 

I 

month-; 

Iv. 


JSept. 19. 

, Cumberland 

i 

,1 Keswick, Greta Bank, T. S. 

' Spedding, Esq. 

i 

: III. 

i 

Dixcy .. 


173. 



174. 

Sept. 24. 

Westmoreland ... 

! Patterdale, W. Mar.shall, Esq — 

i 

j 

XII. 

Ca.sella 

weekly. 

i 

175' 

. Sept. 24 

, Westmoreland 

I 

,1 Greenside, Stang End, W. Mar- 
1 shall. Esq., J. Bamingham. 

XII. 

Casella 

.! 9 a.m. 

1 

i 

j 

1 

1 


Height of 
gauge. 

Diameters 

(those 

marked 

M=mean). 

Equivalents of 
water. 

Error at 
scale-point, 
specified in 
previous 
column. 

Remarks on 

position, &c. 

Reference 

number. 

Above 

ground. 

Above 

sea- 

level. 

Scale- 

point. 

Grains. 

ft. ill. 

feet. 

in. 

in. 






I 0 

422 

5 '04 

*i 

510 

— *002 

Gauge was tested in 

1862 (see No. 8) and 

167. 



496 

'2 

1020 

— •005 

the funnel remains unaltered; but the 




5*02 

*3 

1 500 

— *002 

glass had been broken and a new one 




5‘oo 

‘4 

1950 

— *007 

(rather incorrect^ 

supplied. [This has 




M 5 005 

*5 

2480 

— *001 

been in turn supplanted by another 


1 






perfectly accurate one. — Nov. 1866.] 


j 0 4 

90 

8 00 

*1 

1260 

-h'ooi 

In raileil enclosure, about 3ft. Gin. high 

168. 

i 


8 00 

*2 

2540 

correct 

and 6 l‘t. square. 

Mr. Mylne ordered 




7-98 

■3 

3790 

-f ‘COI 

it to be cut down to 2 ft., the position 




8*00 

*4 

5060 

-f-'OOI 

will then be unexceptionable, just 




M 7 995 

*5 

6350 

-f *001 

above tlie level of the highest floods 


! 






in the Trent, from which it is only 


i 






2(X) vards distant. 


1 2 6 

965 

8-48 

*i 

1460 

— •002 

Clear open position, on the slope of a 

169. 



849 

*2 

2870 

— *001 

hill just above the top of the inclined 




8*50 

•3 

4280 

correct 

plane. 





848 

*4 

5630 

-f *oc6 




i 


M 8 48 8 







! * 0 

240 

5-02 

*i 

496 

correct 

Tlic island is so thickly woixled no very 

170. 

i 


4-98 

*2 

990 


open spot can be found; wlien visited 


j 


5*0* 

■3 

1 500 

-~*C02 

there were some 

flowers 3 ft. high. 


1 


5‘oo 

*4 

1 990 

— 001 

2 ft. 8.E. of the gauge, and a tree GO ft. 




M ‘;*oo^ 

'5 

24S0 

correct 

high about 40 ft 

8.W. ; the results 








are checked by No. 171. 


* 9 

260 

695 

•I 

1010 

— *004 

On the circular knoll, formerly known 

171. 

1 


7*00 

*2 

2000 

— *007 

as ilic rac(‘coursc an exposed position 


1 


7*02 

•3 

3000 

— *010 

quite clear of trees. A number IX. 


1 

! 


6*97 

•4 

3950 

~*oo8 

gauge is in the same railed enclosure 




M 6 985 

•5 

4950 

— *01 1 

with this gauge, and both are read. 


0 8 

422 

4*03 

*i 

320 

4- ‘CO I 

Placed close to No. 8 for comparison 

2. 



4-03 

■5 

! *585 

i -f-*oo8 

tbercwitli. Gauge identical with 


1 


4*03 i 

1*0 

3160 

j 4’*oi8 

those placed by Mr. Fletcher at 


1 


4*02 1 



! 

ft. 

ft. 




M 4*02 7 




ScnAvfi'll ... 

Slirinkling Tarn 1985 






i 


Ksk H«us** 

Mo.'irdi'lt* G24 


i 






(ircHt JCiut 2 G.sl> 

Stvfhcnd Tarn... 1472 




j 




WaNilnli' llciut... 217 

Till* !8tv»* 1077 








liiTUit Kifjg GG*) 

Stoni'tfiwaiti* ... 


’ 0 6 

377 

5-04 i 

*i 

530 

~*co5 

In llower-gardeu, 

and quite bedded 

*73- 



502 

*2 

J050 

~co9 

in geraniums ; as 

ked that it might be 




5*03 

■3 

1525 

~ 'CO 3 

iuoyihI to a clearer spot. There was 




1 5*0'? 

! *4 

1 2010 

correct 

also a tree GO ft. high about 40 ft. 




M 5 035 

•5 

2500 

4*003 

distant, in E. 



1 6 

490 

7‘co 

*1 

loco 

— *003 

In railed enclosure in a field at the 

174. 



6*99 

*2 

1950 

— *001 

bond of Ullswater, a capital open 




7*01 

*3 

i 3000 

— *009 

position. A numln'r IX. gauge has 


1 


7*00 

1 *4 

1 3900 

— 'COl 

been in the same enclosure for some 


; 


M 7*000 

•5 

4900 

— *004 

vears. but 1 could not learn liow long 








it liad been give 

1 ini ; it was not m 






1 


iiso wlien visited. 



1550 

7*03 

•05 

i 580 

~ *010 

Ou a shelf-like Unlgo of rock, quite over- 

^75- 



6*97 

'lO 

IC90 

— *0 1 2 

hung by other rocks; a bad position. 




7*01 

*20 

2 COO 

— *006 

8eale-poiut equivnleiils not certain ; 




6*99 

*25 

25CO 

— •CO7 

it was raining liard and blow’ing a 




M. 7*000 

*50 

4900 

— ‘004 

gale, so that it was not easy to hold 
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RAIN -GAU GES {continued). 



Height of 
gauge. 

1 i 

Equivalents of 
water. 

Error at 
scale-point, 

Remarks on position, &c. 

Reference 

number. 

Above 

ground, 

Above 

sea- 

level. 

S| f 
.2 a 11 

Scale- 

l)oint. 

Grains. 

specified in 
previous 
column. 


ft. 

in. 

feet. 

in. 

in. 













Ihe glasses steady, and there was no- 










thing to set them down upon. 



4 

6 

490 

9'99 




In a large open field, railed in and in 

176. 





io‘oo 


1 


all resjiects well placed. 






10*00 










10*02 










0 

0 

0 

b 







4 

» 

720 

10*02 




In garden S.E. of ihe house and sulU- 

177 - 





lO’OO 




cientlv exposed. A few trees, but not 






9 98 . 




])igh ones. 






lO‘CO 






1 



M 10*00 


j 




o 

6 

553 

7*97 

•I 

1300 ! 

— *002 

On the lawn quite exposed. The posi- 

178. 




8*01 

‘2 

2620 

— *006 

tion is somewhat unusual, the hill 





8*02 

•3 

3800 

-f-*coi 

dro])])ing rapidly to E.. W., and tS. 






8*00 

■4 

5080 

c' tri’i'ct 

from (lie small plateau on which the 






8 ‘COO 

■5 

6370 

— *00 2 

gauge is ])lae(Ml. 



I 

o 

287 

4*98 

•0, 

5 ^ 

correct 

On (*dge of lawn, east side of Couiston 

179. 





5 *^" 3 

•10 

500 

— 'CO I 

\\ ater, about one mile from its bead. 






5*00 

*20 

JCCO 

-- *001 

Oround rises gently to the cast of 






5*02 

'. 3 ^ 

* 49 ^ 

('(.rri'ct 

the gauge. No trees near. 






'SI 

*40 

1980 

-f-coa 








■ 5 '^ 

2480 

-f-*OCI 




I 

6 

4:0 

8*o*5 

’O 1 

1 10 

4~ *00 1 

On the so\ith side of the valley, ^ of 

180. 





7-99 

• 1 

1254 

1 -|- * C C I 

a mile W. of Trout book Church; 






8*00 

'2 

2320 

1 ' C C I 

llie liouse is dG or oGft. S. of the 





7‘97 

•3 

3800 

j corrt'fl 

gauge, v. liieli is < ii th(‘ lawn sloping 





M -998 


i 

! 

1 to the heck. 


1 

6 

810 i 

8*0 2 


1290 ; 

— *202 

On a po.'^t in tlie kilclien-garden, clear 

181. 





803 


2560 ; 

— *00 2 

of obstriic1i(»ns. sav(' jierluijis a few 






7 ‘9 7 

'3 

3880 1 

— ’OCO 

trees. Tlu're was no inside can to ' 





7 94 

: *4 

5 1 00 ; 

— *oc; 

this g;',ug»\ ;'.n;l the water running 





'* 990 

; '5 

6430 ' 

-•CCS 

about the large vessel would doubl- 


* 







! less Iv always diininished by evapo- 


1 




i 



ration and the ditheulty of pouring 


j 




j 



out without (.v'casional spilling. 


^ 7 

o 

: 40 

4*98 

! *1 

5CO 

j —*001 

' (lange f'a-^tt'ued to a wall close to. and 

182, 




<;*o<; 

i -2 

leco 

1 —'CO I 

btlft. above, tlu' river Ouse. Rather 






S'oi 


i 149^ 

1 (’t>ri‘.\'l 

i shehereil iu (lie N, by the houses. 






4*97 1 

! -4 

j 1993 

i --OOl 






i 

M. 5 'CO 3 

1 '5 

2490 

— 'CC2 



‘ I 

o 

650 

5*03 

! ■ i 

50 a 

— *00 1 

Oauge on lawn well jilaced, and clear 

183. 





4*98 

j *2 

1030 

-- *00 1 

j «)f all <'hs(aeb's. 






5*02 

•3 

1490 

cori't’ct 







5*00 

•4 

I9S0 

-}-’O 02 







M 5*008 

'5 

2490 

— 'OOI 




4 

6 

418 

12*00 




! The diameter of lessor tube at top was 

184. 





1 208 




! 4 * 1)1 in., and the scale (w here perfect) 






12*02 




gave about 1 1 ‘G in. for each in., there- 






12*10 




fore the gauge was probably correct 






d 

0 




w bon lunv, but it is very old, and the 










eylijider has bee?i repeatedly bur.st 










! by frost and soldered up again ; the 



i 


i 





j rod has also been brok(*n and spliced, 
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RAIN-GAUGES (continued). 



Height 
of gauge. 

fill 

Equivalents of 
water. 

Error at 
scale-point, 

0 . 

Above 

ground. 

Above 

sea- 

level. 

i'5 a ” 

Scale- 

point. 

Grains. 

specified in 
previous 
column. 

Remarks on position, &c. § ^ 

^ 3 


ft. in. 

feet. 

in. 

in. 











and fresh floats have been added from 







1 

time to time. I recommended that 








a new one should be placed near it, 


! 






and the result is that tlie old one re- 








cords nearly 25 yer cent, too little. 


0 lO 


499 

'I 

500 

— ‘COl 

Sheltered on the E. by a row of elms 185. 




498 

'2 

1000 

— *002 

about 35 ft. distant, and perhaps 50ft. 




5*00 

'3 

1490 

— 'OOl 

higli. All else clear. 




5*01 

‘4 

1980 

correct 





M 4*995 

•5 

2480 

— *001 



3 o 

104 

11*22 

•09 

2500 

— •01 1 

Good position in kitchen-garden. When 186. 




11 25 

•18 

5000 

— *021 

visited, was found on a pedestal, so 

■ 



I I 00 

*27 

7500 

— *031 

that the funnel was 6 ft. above the 




11 32 




ground, from which pedestal it luid 




M 1 11 98 




more than once beem blown down ; 

1 






suggested that it should be placed on 

1 






tlie ground *, agreed to. I 

! 6 o 

149 

1 1*25 

*10 

2500 

correct 

Good position, in centre of town. jiSy. 

1 


11*21 

*10 

5000 

corr(H‘t 

Gauge on a pedestal like No. 186, 1 



1 1*28 

'25 

6250 

correct 

but securely fastened. Would be 



11*20 




rather sheltered if low^er. 



M H i 35 





X a 

263 

799 

*1 

1290 

— *002 

In a railed enclosure around the Ob- 188. 



800 

*2 

2550 

— *001 

servatory. the nearest angle of which 



800 

'3 

3850 

— ’C03 

is only 7 ft. distant in N.W. and 



j 8*02 

•4 

5 ICO 

— *002 

14 ft. iiigh. 

j 


1 M 8 002 

•5 

6390 

--•003 


1 I 3 

1 172 

j 7’97 

' • I 

1260 

corret't 

On lawn, rather sheltered by shrubs in 189. 

i 

1 

‘ 7'93 

1 *2 

2510 

correct 

j S. and S.S.W., about 6 ft. high and 

i 


i 7'9* 

'3 

3740 

-f ’002 

Oft. distant. 

1 


1 7-93 

j *5 

6320 

“*004 

j 

i 


i M 7-953 




i 


o 6 

112 

7'9* 

I 

, 1 300 

— ’002 

Very near to Ko. 187, in an open field 190. 



i 

1 8*02 

' '2 

’ 2620 

~ -006 

j nearer to the railway. 




8*03 

'3 

3800 

-f’COl 

I 



j 

7*98 

*4 

5010 

4- *006 




! 

M 8 00 3 

■5 

6280 

4- *006 



o 8 

192 

8*03 

*i 

133'^ 

*005 

; On lawn, clear of trees, and with a level 191. 




8*03 

*2 

2550 

*00 1 

i tract for some distance round. 




7’97 

i -3 

, 39^0 

— •007 





7*98 

•4 

5080 

correct 





M 8*002 

•5 

6360 

-*COI 



O lo 

210 

4*98 

•I 

510 

— *003 

In a sunk garden, surrounded by hedges 192. 




5*03 

•2 

1 1030 

— *007 

1 and the house and trws, but none 




5*00 

•3 

1 1490 

correct 

; are very close. 




5*co 

*4 

1 2000 

— *003 





M 5*003 

•5 

; 2500 

— *co4 

i 


4 o 

10 

8*00 

*1 

1 3C0 

-•003 

On the iH'nch, in a very exposed position. 193. 




8*00 

*2 

^550 

— *00 2 

j Gauge fastened to a short post, and 




8*02 

•3 

3800 

— ‘OO I 

1 cn(4osed by a palisade 0 ft. square 




7-92 

‘4 

5050 

4 - ’OOl 

1 and 3 ft. 6 in. high. 




M 7-985 

•5 

6300 

•+-*002 

i 


« 4 

570 

499 




On the top of Beachy Head, about 194. 




4'99 




i UH) W. of the Coast-guard j 
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EXAMINATION OF 



Date of 
examination. 

County. 

Name of station, o^ruer, and 
observer. 

Construtition 
of gauge. 

Maker 8 name. 

Time of 
reading. 


1867. 







May 31. 

fiuRsex 

Lewes, Glynde Place, Mr. 
M‘Leod. 

III. 

Bate, Poultry ... 

9 a.m. 




196. 

May 31. 

Sussex 

Eastbourne, Mins W. L. Hall . . . 

xri. I 

i 

1 

! 




197. 

June 1. 


Brighton, Upper Brun.swiek 
Place, Dr. Kebbol. 

vir. 

i 

1 

1 






198. 

June I. 


Brighton Watcr-wor]\.‘4, W. 

B labor, Esq. 

VI. 

Crosley 





199. 

June I. 

Sussex 

Brighton Water- works, W. 

XII. 

Case] la, 



Biaber, Esq. 


i 

[ 


200. 

Juno I. 

Sussex 

Brighton, Bichmond T(‘rriie<‘, 
0. Smith, Esq. 

XIT. 

i 

1 

! 

Eriviih' 

1 

i 

1 

201, 

. June I. 

Sussex 

Brighton, St James Street, E. 
Kowley, E.s(j[. 

TIT. 

i 

1 

9a.m. 

202 

, Juno I, 

Sn«04OT 

. ; Brighton, Eaton Place, Dr. 

i 

1 X. 

Browning 

9 a.m. 

! 


Barker. 


203 

204 

. June I. 

. June 8. 


Brightnn GoM-works 

. vr. 

I 

i Cro.sley 

i 

( 

j 

Kent 

.| Beckenham, C. 0. F. Cator, Esq 

j 

! 

• X 

1 

i 

i 

Negrctti &Zambr{ 

1 

i'; 9 a.m. 


RAIN-GAUGES (continued). 



Height 
of gauge. 

Diameters 

(those 

marked 

M = mean). 

Equivalents of 
water. 

Error at 
scale- point, 
specified in 
previous 
column. 

Remarks on position, &o. 

itelerence 

number. 

Above 

ground. 

Above 
sca- 
le vel. 

Scale- 

point 

Grains. 


ft. in. 

feet. 

in. 

in. 








4*97 




station, and under the care of the 





5*02 




men on duty. Gla.ss believed to be 





M 4-993 




the same as X^o.lOG ; if so, gauge must 









be practically correct. 



3 0 

59 

5*00 

•I 

500 

— *001 

On a po.st in kitchen-garden, an espalier 

195- 




5-00 

*2 

1020 

— •006 

5 ft. high 4 ft. off in N.E., N., and 





5-02 

•3 

1540 : 

— -on 

X^.W., all else clear; suggested re- 





4-98 

•4 

2020 1 

— *007 

moval to a more open spot : found 





M 5*000 

•5 

2510 

— '006 

observer’s books badly cast, checked 









them all through, and took copies. 



4 3 

30 

4*98 

*1 

500 

— *001 

In the he.st practicable position in a 

iq6. 




499 

•2 

1000 

— •002 

rather slieltered garden ; probably 





5*02 

•3 

14S0 

+•001 

nothing is more tlian 45° above the 





4‘99 

■4 

1980 

correct 

gauge, and the results may be ac- 





4995 

■5 

2470 

-f'OOI 

cepted. 




45 ' 

I O' 10 




No use at all. The, gauge was right 

I 07. 

! 

lO’OO 




underneath a sycamore tree, in most 

* y /* 

i 


10-05 




ridiculous proximity to the stem. Xo 


; 


10-05 




furtlier observations will be made. 




]\I 10-050 






: 5 6 

90 

10*00 

•09 

25^5 

— *010 

In a capital position on the largo la\^Ti 

^8. 




10*00 




of the water-works. 





10*00 









0 

0 

0 

b 







0 7 

90 

5-00 

•01 

50 

t-orrect 

Xear to X'o. 108, and in an equally 

199. 




5*00 

• 1 0 

5C0 

— -001 

i good position. 





4*99 

-20 

loco 

-•*002 






M 4-997 

1 

1490 

— •001 







j '40 ' 

1980 

correct 







! *5^ i 

2480 

— -001 




3 0 

5S 

620 

1 -3 

: ^5^*^ 

— •028 

Clear position, gauge (as usual with 

200. 




6 20 

i 

! 5000 

i —*056 

privately made ones) very incorrect. 




! 

6-20 


; 7 500 

— -084 

Returns have never been published, 





620 

1 1-2 

; IOC CO 

1 — - 1 1 2 

exiH'pt under a pseudonym in a local 





i M 6-200 




1 paper ; liope they never will be. 

1 


1 0 

1 4C> 

1 5-00 

1 ' * 

500 

— -oor 

j Very much sheltered. Hou.ses in X’.W. 

201. 



1 

4'9 5 

! ’3 

1510 

' ~ ■0'2)5 

j 10 ft. Jiigh and 40 ft. off, and in S.E. 





5 '^4 

: ‘4 

2COO 

- ‘CC4 

' 40 ft. high and 27 ft. off*. 





5 -CO 

; 

i 21505 

1 • - -006 






M 4 997 



! 




i 0 3 

i 98 

8*00 

> • I 

i 1300 

1 — -002 

; Good position, except from S.W., where 

202. 




8*00 


1 2570 

1 -“'003 

; the house, 45 ft. nigh, is only GO ft. 



i 


7'95 

1 

j 3^0*^ 

corroet 

! distant. 


1 


S-O.V 

! '4 

1 50JO 

-f '005 

1 





M 7-998 

•5 

j 6300 

-f-004 

1 



4 0 

! 72 

10*00 


,1 


, ! On a post in a good open position. 

203. 



1 

99* 


' 







10-02 









M 10-000 







0 6 

142 

8*01 

*i 

1240 

■4**002 

On lawn, rather near its sloping edge, 

204. 




7*97 

*2 

2-' 52 5 

correct 

but otherwise unexccptionahlo posi- 




i 

7'97 

i ’I 

! 3810 

— -002 

tion. 




j 

7-96 

'1 ‘4 

j 5050 

correct 





1 

M 7-977 

•5 

I 6305 
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EXAMINATION OF 


“si 

li 


County. 


Name of station, owner, and g | Maker’s name. ° s’ 
observer. « g rg 

§ ® 

O bi u 


1867. 

Z05. June 8, Kent 


Beckenham, C. O. F. Cator, Esq. XII. Apps 


»o6. June 10. Sassox ...I Farnlmrst, Hawksfold, Miss X. Negretti & Zambral 9 a.m. 

E. A. Salvin. 


207 Juno 10 Surrey Guildford, Commercial Koad, XI. Negretti A Zambra 9 a.m. | 

Capt. Janies, lI.E. I | 


208. June 10. Surrey Guildford School, Dr. Mcrriman. XI. | Negretti A Zambra . 


209. June II. Sussex 


210. June II. Sus.sex 


Chichester, Chilgrove, W. L. 111 . | Knight 9 a.m. 

Woods, Esq. I 


Chilgrove, Bepton Hill, W. L. III. | Knight imonth-: 

Woods, Esq. I b'* I 


2 1 1. June II. Sussex Chichester Infirmary, W. Hills, j III. , Kmght 


212. June II. Sussex Chichester, West Dean, II. Tax- I X. Negretti AZtinibra;. 

ton. Esq. i j 


213. June 12. Sussex 


Chichester, We.st Gate, Dr. ': 111 . | Knight j 9 a.m. 

Tyacke. I I 


214. June 14. Sussex 


Chichester, Shoi)wyke House, X. I Negretti A Zambra'month- 
Rev. G. H. Woods. 1 1 }y- 


215. June 20. Sussex Bognor, Aldwick, Mr. Upton ... III. | Knight 
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EXAMINATION OF 


Eeference 

number. 

Date of 
examination. 

County. 

Name of station, owner, and 
observer. 

Construction 
of gauge. 

Maker’s name. 

Time of 
reading. 


1867. 






2X6. 

June 21. 

Sussex 

Littlehampton, Yapton, 11. Red- 
ford, Esq. 

XTI. 

Casolla 






217. 

June 24. 

Sussex 

Iforsliam, St. Leonard.^ Lodge, 
W. E. Hubbard, Esq. 

TIL 

Casella 





2X8. 

Juno 24. 

Sussex 

ITor.sliain, St. Leonard's Lodge. 
The Garden.s, Mr. S. Ford. 

ITT. 



Sussex 

Private 


210. 

June 24. 

Crawley, The Hyde, E. S. Biggs, 
Esq, 

VTII. 




220. 

June 24, 

Sussex 

Petwortb Rei'tory, Rev. C'. Hol- 
land. 

HI. 

Gould 




j 

221. 

June 25. 

Su.s.sex 

Petworth Gardens, Mr. Joiu’.s... 

AIT. 

Cusella 


222. 

June 25. 

Sussex 

Arundel, Dale Park, J.C. Fletcher, 
Esq., Mr. Wilson. 

i 

|,v. 




1 


223. 

June 26. 

Sussex 

Worthing, Bedford Row, W. 
J. Harris, Esq. 

XT. 

1 Negretti A Zainbra 




224. 

225. 

June 26. 

Sussex 

Worthing, Dr. Barker 

. X. 

Private 

qa.in. 

June 27. 

Sussex 

Wortliing, Findon, Rev. Dr. 
Cholnielly. 

i 

ITT. 

Casella 




RAIN-OAUOE8 {continued). 



Height of 
gauge. 

Diameters 

(those 

marked 

M=mean). 

Equivalents of 
water. 

Error at 
scale-point, 
specified in 
previous 
column. 

Remarks on position, &c. 

Reference 

number. 

Above 

ground. 

Above 

sea- 

level. 

Scale- 

point. 

Grains. 


ft. 

in. 

feet. 

in. 

in. 









^^ 4*99 

•3 

1540 

-•013 







M 4980 

'4 

2000 

— •007 








*5 

2510 

— 'OlO 




I 

3 

45 

4-98 

*1 

500 

— *001 

In a garden well exposed, clear level 

2x6. 





5’02 

'2 

1000 

— ’OOl 

country. 






5*00 

'3 

1490 

correct. 







5*01 

'4 

1980 

-f *001 







M <; co3 

*5 

2480 

correct 




I 

6 

301 

5'oo 

•I 

498 

correct . 

At S.E. angle of a terrace, in a bed of 

217. 





5*00 

*2 

1000 

— '002 

cut heath; the gauge is 1 ft. 6 in. 






5x0 

•3 

1490 

— •001 

above the terrace, and about 6 ft. 






5 00 

*4 

1975 

-}-*002 

above the next lower one. 






M 5*000 

*5 

2480 

correct. 




I 

6 

^73 

4*98 

•I 

500 

— •001 

The house 30 ft. oil' in !S.W. is about 

218. 





5*02 

•2 

1000 

— *002 

2.5 ft. high, all else is clear. About 






5*00 

‘3 

1490 

— *001 

a J of a mile from No. 217. 






S ' 00 

'4 

I 980 

-f *001 







M 5 ‘GOO 

•5 

2480 

correct. 




I 

6 

370 

10*00 

•I 

1 830 

-f *008 

A very roughly maile flat-funnelled 

21Q. 





lO’CO 

'2 

3690 

-f *014 

gauge, placed about 4 ft. from the 






lO’IO 

'3 

5500 

+■023 

base of a large bot-house facing 8. 






9*90 

•4 

7450 

-f *024 

I Imvc no doubt in rough weather 






M 10*000 

•5 

06^0 

+•014 

both rain and snow unduly shoot 










into the gauge. 



I 

6 

170 

5*o6 

*1 

540 

— •007 

On lawn sloping to E., slightly but not 

220. 





5‘o6 

*2 

1040 

— *005 

injuriously .sheltered. 


I 




5 *06 

'3 

*59^^ 

— •014 







5'03 

i '4 

2100 

— 014 



' 1 




5'053 

•5 

2550 

-•004 j 



( 

I 

6 

* 180 

5*00 

1 

500 

— *oor j 

Tn flic kitchen -gardens, level, and very 

221. 

. i 



1 

4*98 

*2 1 

loco 

— •003 

open position. 


i 




4'99 

■3 1 

1490 

— *002 



j 




498 

■4 ! 

1980 

— *001 



1 




M 4*987 

'5 i 

, 2480 

— •003 



1 

1 

3 

0 1 

316 i 

11*22 

*i 

1 2600 

— 005 

Tn kitchen -gardens on slope to S., belt ] 

222. 





1 H*l8 

*2 

i 5050 

— •003 

ot trees in N., but not near enough 






! 51'23 

•3 

7580 

— *005 

to affect gauge. Rim of funnel very 






1114 

*4 

1 995^ 

— •001 

flat. 


1 




M 11*193 

*5 

j 12950 

— *C 2 I 




I 

0 

21 1 

5*02 

•09 I 

500 

— *010 

In garden in front of Bedford Row, 

223. 




1 

4*98 

•2 j 

1000 

— 'OOl 

slioltercd to the W. by houses 40 ft. 





1 

5*01 

•3 j 

1490 

-f ‘OOI 

high and 50 ft. distant. 





i 

1 

503 

•4 1 

1 1980 

4-’002 



1 




M 5*010 

•5 

2480 

-j-‘002 

1 



I 

0 

18 

13-2 

‘*35 

4376 

-foo7 

A very roughly made gauge, in an in- 

224. 





13*2 

•265 

875* 

-f*009 

diflerent position. 


% 




I 2*9 

•526 

17504 

-f*oi4 



\ 




13*2 

I ’060 

35008 

+•036 



i 

i 

I 

0^ 

1 167 

M 13*125 
5*02 

'I ; 

510 

— '004 

Fair exposure on lawn, some elms, 

225. 





4*80 

*2 ; 

1020 

— •007 

about 50 ft. liigh, 100 ft. distant in 






5*00 

‘3 

1 500 

— •005 

S.W. Gauge had been indented 






i ‘i’OO 

i *4 

2000 

— •007 

considerably at one point. The 



1 



M4-98?1 -5 

j 2510 

— *0X0 

mean diameter as given is believed 
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EXAMINATION OF 


KAIN-GAUGES {continued). 


il ll 

I § I i 


County. 




1867. 

226. June 28. Sussex 

227. Sept. 13. Forfar 


Name of station, owner, and g g Maker’s name. ^ 
observer. m ^ ® 


I Steyning, Rev. H. Ingram XII. Casella 


. Dundee, Ea.8tern Cemetery, Mr. I. Adie 
M^Kelvie. 


I 229. Sept. 14. Forfar 


Dundee, Crombie, Dundee VTII. 
1 Water- works. 


231. Sept. 14. Forfar 


232. Sept. 14.! Forfar 


233. Sept. 14.1 Forfar 


234. Sept. 14.1 Forfar 


Dundee, Craigton Reservoir, VIII. 
1 Dundee Water-works. 


. I Dundee, Hill Head, Duiidt^e VIII. 
Water-works. 


Dundee, Hermon Hill, R. Adam-| VTTT. 
son, Esq. i 



228. Sept. 14, Forfar Dundee, Barry, Mr. J. Procter. ITT. Casella |9a.m. 


230. Sept. 14. Forfar Dundee, Barry, Mr. J. Procter VIIT. Mr. Procter j 9 a.m. 


Dundee, Westtleld Cottage, XII. Lowden 
I E. Clark, Esq. 


235. Sept. 24. Hampshire Ryde, C. Scholefleld, Esq., R.N. XII. Casella 


I236. Sept. 24.' Hampshire ' Ryde, Esplanade, R. Taylor, Esq. VIII. Ix)cal 9 


Height of 
gauge. 


ft. in. feet. 


I o 50 


o 4 164 


o 3 1 55 


o 3 1 


o 3 55 


o 3 481 


o 3 570 


level 1 109 


5 6 56 


3 o 40 


6 o I ao 

1807.' “ 


Equivalents of 
water. 


Error at 
scale-point, 
speeitied in 
prcvioiLs 
column. 


5’02 

4-98 

S’oo 

5'oo 

M 5‘ooo 

3- 00 
3‘oo 
3*00 
3'oo 

M 3 ‘000 
ro2 

4- 98 

5- 01 
5’oo 

M 5*002 
11*22 
1 1*32 
1 1*28 
11*31 
M 1 1*283 
1 1*72 
1 167 
11*68 
11*77 
]M 11*710 
11*20 
11*45 
1 1*50 
11*32 
yi 1 1*367 
1 1 *06 
11*40 
11*13 
11*32 
liny 
1 1*30 
1 1*32 
11*30 
11*32 
M II '3 10 
5*00 
5*00 
5*00 
5 04 
M 5 *010 

5 'o^ 
5*01 
5*02 
5*00 
M 5*015 
12*1 


•I 

500 — *001 

•2 

1000 —*002 

•3 

1500 —*003 

•4 

2000 —*004 

•5 

2500 —*004 

1*30 

2350 —*016 ! 

1*00 

1800 —*008 


— *001 

— *002 
correct, 
-f *001 
corrc(’t. 
-f 'OOI 

4 - *002 
4**002 
4- *003 


Remarks on position, &c. 


to indicate the true area of the 
gauge. 

Some t rees in S.W., about 30 ft. off and 226. 
20 ft. higli; the gauge is rather 
sheltered, but any injurioiLs effect 
can liardly arise. 

In an open part of the Cemetery, which 227. 
is on a very gentle slope towards the 
Tay. 


j In garden rather sheltertHl, but probably 
I not .so much so as to vitiate the re- 
i suits. 


In a railed enelosuro, perfectly open in 
all directions. 


Close to No. 228 . 


, -p*co2 ! Very g(^od position on open lawn. 231. 

. -4*004 i Tlierc is also a gauge, patU^rn No. V., 

-4*005 j but with a very Hat rim. 


correct. : Trees iu N.E. oO it. distant and .A) ft. ^232. 
corivcl. i high. Pi]>c into receiver nearly 1 *.>111. j 

4-*cc 2 I in diameter ; will be reduced to *1 in. j 


In garden, fully exposed; measuring- 233. 
jar not accessible. | 


correct, 
correct . 
— *001 
-4*001 
- 4*002 
- 4*002 
correct . 
correct. 
“4 00 1 
4*003 
4-003 


On the top of the thormomoter stand ; 
rain drawn otf by a lap. In a garden 
.sloping to river. 


On a post in garden at E. end of Ryde. 
In small yard at back of house and 

“ 27 ” 
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— The proccdmg Tables arc similar in every ros])ect to tliose ooiilained 
in the British Association lleport for 18fh) ; and in orden’ tliat the i>resent one 
may be complete in itself, part of the explanation there given is hen* repeated ; 
as is also the Plate representing the various forms of gauge most generally 
used. 

The present Tables contain the results of Mr. Symons’s personal examina- 
tion of gauges on. the dates specified in the second column, and at the loca- 
lities stated in the third and fourth columns. The pattern of the gangi^ is 
indicated by the Homan numerals which refer to the accompanying Plate ; 
the next four columns are self-explanatory^; then, as few gauges are true 
circles, four diameters (/. e. at intervals of 45°) are taken, and their mean is 
assumed as the mean diameter of tlu* gauge and marked M ; from this tho 
area, and weight of an inch of water over that area, is readily obtained, and 
the difference betAveen the computed value and that which the ga\ige showed 
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HAIN-GAUGES (contmued). 



Height of 
gauge. 

ll 1 

0 2 ^ 

Equivalents of 
wuUu*. 

Ei*ror at 
soiile-point. 


8 

Above 

ground. 

Above 

Hea- 

level. 

p s rt 

II 

S calf- 
point. 

Grains. 

Hlieciticd in 
previous 
column. 

Remarks on position, &c. 

II 


ft. in. 

feet. 

in. 

in. 








11*9 




sheltcrc<l bolli by buildings and a 





12*0 




tree due S. 10 ft. high and only 8 ft. 





12*0 




distant. 





M 12*000 







6 o 

20 

5*00 

•I 

490 

4-’ooi 

Close to Ko. 230 . 

237. 




4-98 

*2 

990 

correct. 






5*co 

•3 

1490 

-•002 







'4 

2000 

-*005 






Ai 4*990 

*5 

2480 

-•002 




o 8 

172 

7 ’ 9 » 

*1 

1290 

— •002 

On gras.s plot ; a hedge f) ft. high was 

238. 




7 97 

*2 

2500 

-f' 002 

only 4 ft. distant in E. 





7 97 









7-96 









7 ' 97 o 






i 3 o 

172 

l2*iO 

•065 

2500 

~*°35 ‘ 

Close to No. 238 . 

239. 



I 1*90 

•150 

5000 

— •038 






i 12*00 

•240 

7500 

--*034 1 






12*01 

•3^5 j 

10000 

— •038 1 






12 ’C 03 

*415 ; 

12500 

“■^34 I 







•500 : 

1 5000 

-•025 1 




8 8 

53 

5*01 

1 

510 

— *002 

On apex of small outhouse, much shel- 

240. 




5‘oo 

*2 1 

j 

1010 i 

-•003 j 

tered by Irc'cs. 




5*00 


1 300 

— *001 1 





5*04 

•4 ' 

,9^5 i 

-f-C02 j 






31 5*013 

•5 ' 

1490 1 

correct. ; 



1 


^'5 

5*00 

*1 

300 { 

— •001 i 

Quite clear on lawn ; ground eloiiing 

241. 

1 

I 


498 

'2 ! 

1000 1 

— '002 ; 

to S. 


1 



5*02 

'3 ' 

1490 ! 

— *00 1 j 




1 

1 

5*00 

■4 : 

1980 j 

+ ■001 1 




1 

! 

Al 3*000 

•5 ■ 

24S0 j 

correct. ! 




3 7 ! 

100 ; 

I 2 *CO 

‘05 1 

1490 ; 

— •001 ■ 

Clear oxcejd in N,, where the house 

242. 




1 2 *CO 

•I ! 

3000 1 

— *005 ! 

(ihroc stories) is only 40 ft. distant. 




I 

1 2*02 

•15 1 

4260 j 

+ *001 

^ 1 

1 

1 

1 



1 

{ 

Al 12*010 

f 

1 


1 

1 

j 


when U'sted is the error of the gouge given in the 
lost eohimu but two ; the last columns arc self-ex- 
planatory. E 

A section is given of Gauge No. 172. it being of 
a type not represented on the Plate, yet of consider- 
able importance, inasmuch us it is the pattern em- 
ployed by Mr. Fletcher, F.B.8., on the Cumberland 
Mountains. The orifice i.s small, only 4 inches, in 
order to kec'p tlie volume of water within manage- 
able limits ; they are eonstrncted Avitli very thick 
double-lap] pod cop])er vessels dropped into stout iron 
cans provides! with lock and liingcs ; the amount is 
measured with a glass like No. 111. 

c, c nro handles, D is a hinge, and A E D fulls down close 
on the body B. 

2 I 2 
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Report on the best means of providing for a uniformity of Weights 
and Measures, with reference to the Interests of Science, By a 
Committee, consisting of Sir John Bowring^ The Rt. Hon. C. B. 
Adderley, M,P., Sir W. Armstrong^ Mr. Samuel Brown^ Mr. 
W. EwarTj M.P., Mr. Capel H. Berger, Dr. Farr, Mr. Frank 
Fellows, Prof. Frankland, Mr. George Glover, Prof. Hennessy, 
Earl Fortescue, Mr. Frederick Hendricks, Mr. James Hey- 
wooD, Sir Robert Kane, Prof. Leone Levi, Prof. W. A. Miller, 
Prof. Rankine, Mr. C. W. Siemens, Col. Sykes, M,P,, Prof. A. 
W. Williamson, Lord Wrottesley, Mr. James Yates, and Prof. 
Leone Levi, Secretary, 

Since our reappointment at Nottingham, your Committee have used their 
best endeavours to diffuse the knowledge of the Metric System, with a view 
to its extension throughout the world, and we have the pleasure to report that 
special and extensive opportunities have presented themselves for the purpose. 
The advantage of having the principal items in the statistics of the United 
Kingdom published in the terms of the Metric, as well as of the Imperial 
System, a practice which has been most advantageously introduced in some 
Government Departments, has been again brought by your Committee to the 
notice of the Board of Trade ; but although this method has been repeatedly 
recommended by the International Statistical Congress, and also by the Com- 
mittee of the Ilouse of Commons in 1862, the request has not been granted. 
Your Committee can scarcely admit that an arrang(unent, which would be 
found so convenient to this and to foreign countries, and which would so 
facilitate the general knowledge of the Metric System, should be refused 
on the ground of clerical difficulties, or because it may cause a trifling ad- 
ditional expenditure. The Committee hox)e that, on further consideration, 
the Board of Trade will sec the advantage of comj)lying with the wishes 
repeatedly expressed for such items of information. 

The Mural Standard, which has been the subject of so much care and 
study, both as regards precision and material, has now been completed by 
Mr. Casella, Scientific Instrument Maker to the Admiralty, and is available 
for public use. It is made of white glazed porcelain, which is little affected 
by changes of temperature, and combines cheai)ness with elegance. The two 
units, the Yard and the Metre, with their divisions, authorized by law, are 
there shown in contact, so as to admit of easy comparison. The Yard, divided 
into feet, inches, and eighths of an inch, is painted in red; the Metre, divided 
into decimetres, centimetres, and millimetres, in blue. By very careful obser- 
vation, it has been found that the measures on this instrument are exact to 
within the two hundred and fiftieth part of an inch, or the tenth part of a 
millimetre. It is fitted in a mahogany frame, for suspension on the walls of 
public buildings. Your Committee have ordered copies of the Mural Stan- 
dard to be presented to the Board of Customs of London and Liverpool, the 
University of Oxford, and the office of the Warden of the Standards. By the 
kindness of Mr. Yates, a copy of the Mural Standard has also been presented 
to the Conservatoire des Arts 3t Metiers in Paris. It is much to be desired 
that the Mural Standard be extensively made known, and your Committee 
would recommend the same to the special attention of the Chambers of Com- 
merce and municipal authorities. 

In February last, your Committee, in conjunction with the Council of 
the British Branch of the International Decimal Association, invited a con- 
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ference with deputies from the Chambers of Commerce in the United King- 
dom, and the Consular authorities in London. The conference was held at 
the Society of Arts, under the presidency of Sir John Bowring, and the fol- 
ing resolutions were unanimously passed ; — 

That the permissive use of Metric Weights and Measures in the United 
Kingdom, without corresponding powders for legalizing authorized standards 
of the same, and the stamping of Metric Weights and Measures in use, is 
calculated to cause much inconvenience in trade, and to frustrate the prac- 
tical adoption of the system ; and that it is therefore desirable that the 
Department of the Board of Trade charged with the custody of Imperial 
Weights and Measures, be also authorized to provide and maintain the stan- 
dards of Metric Weights and Measures, and to stamp and verify those in 
general use. 

That in order to :^oilitate the use of the Metric System, it is desirable 
that the same be introduced into the ])ublic departments, especially in the 
Post-office and the Customs, by the official preparation of the Tariff in 
Metric equivalents, with authority to levy duty according to the same ; and 
the publication of the principal results of the statistics of the Board of Trade 
in Metric and Imperial values. 

That this Conference recommend the Chambers of Commerce of the 
United Kingdom to use means for promoting the voluntary use of the Metric 
System among merchants, manufacturers, and tradesmen, such as the pre- 
paration of special tables, available in the various trades, for converting 
prices and quantities from the Metric into the Imperial System, and vice 
versd ; and the exhibition of Mural Standards of the Metre in public places 
in the principal ports and market-towns. 

That in the opinion of this Meeting, the International Monetary Con- 
vention lately entered into by Prance, Italy, Belgium, and Switzerland, for 
the purpose of giving a common weight, fineness, and currency to their stan- 
dard Coins, is deserving approbation as a measure calculated to facilitate 
and extend the commercial, banking, and exchange 02)crations between 
those nations themselves, and foreign countries having dealings with them. 

And this Meeting is further of ojhnion that the conditions of the Inter- 
national Monetary Convention, so far as they may be found applicable to 
the Metallic Currency System of the United Kingdom, are well worthy of 
the attentive consideration and support of all wffio are interested in the pro- 
gress of and intercommunication between nations. 

That it is desirable that the Chambers of Commerce should bo repre- 
sented at the Conference to bo held in Paris in connexion with the special 
Exhibition of Weights, Measures, and Coins, at the approaching Universal 
Exhibition. 

The most important event, however, which is likely to exercise considerable 
influence in the future discussion of the question, is the Conference held in^ 
Paris at the suggestion of your Committee and of the Council of the Inter- 
national Decimal Association. The Conference having been held at a time 
when Parliament was sitting and the Courts of Law were open, no large 
representation could attend from tin's country, yet Mr. Samuel Brown and 
Professor Leone Levi attended on behalf of your Committee and they had the 
advantage of having with them Mr. Louis P. Casclla, the constructor of the 
Mural Standard, Mr. Muspratt and Mr. Blood, representing the Liverpool 
Chamber of Commerce, and Mr. Josoiffi Wrigley, representing the Hudders- 
field Chamber of Commerce. The Conference was attended by represent- 
atives from many countries, including Austria, Spain, Portugal, Denmark, 
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Sweden, Norway, Prussia, Wurtemberg, Bavaria, Russia, Italy, Morocco, 
Tunis, Brazil, South America, and the United States ; and was presided over 
by M. Mathieu, of the Institute. The first question discussed was that of 
Weights and Measures, and a report was read on the subject, which was pre- 
pared by M. Jacobi, of the Imperial Academy of Sciences of St. Petersburg, 
and adopted by the organizing Committee. Starting from certain fundamental 
propositions in favour of the Decimal system of calculation and of the Metric 
system especially, the report showed how far that system had been extended 
in different countries, specifying those which have already adopted it entirelj^ 
and in an obligatory manner, such as France, Belgium, the Netherlands, 
Italy, the Roman States, Spain, Portugal, Greece, Mexico, Chili, Brazil, New 
Grenada, and other Republics of South America ; those which have more or 
less borrowed from it, such as Switzerland, Baden, Prussia, Bavaria, Wur- 
temberg, Austria, Denmark ; those which liavc introduced the Metric system 
in a permanent manner, as the United Kingdom, and the United States ; and 
those which have nothing in common with the Metric sybtem. After this 
survey, the report entered into a detailed account of the advantages v/hich 
would result from the use of the system in different branches of labour, in 
the teaching of arithmetic in primary schools, in scientific researches and 
memoirs, in commercial transactions, in industry and machinery, in postal 
tariffe, telegraphs, and customs duties. As regards the use of its nomen- 
clature, the report is not in favour of any material alteration, and far 
less of using old names for new quantities ; nor does it favour the com- 
bination of the old and new systems, such as the use of the foot side by 
side with the metre even in a period of transition. In conclusion, the re- 
port recommended the immediate teaching of the Metric System in schools, 
and the use of the same in statistical and other public documents. After 
some discussion the report was put to the vote, and was carried unanimously. 

Doubts having been expressed as to the exact correspondence between 
the standards kept at the Archives and those at the Conservatoire dcs 
Arts et Metiers, and some uncertainty existing respecting the method to bo 
pursued for obtaining an exact standard in other countries, the prototype 
being in Paris, General Morin and M. Tresca, Conservator and Subcon- 
Bcrvator of the Conservatoire des Arts et Metiers, stated that on the 5th 
October, 18G3, his Excellency the Minister of Agriculture, Commerce, and 
Public Works, had appointed a Commission, composed of themselves, with 
M. Silberman, Conservator of the collections, and M. I’roment, Constructor 
of instruments, charged to make an official comparison between the pro- 
totype standards kept at the Archives, with those deposited at the Impe- 
rial Conservatoire des Arts et Metiers, more j^articularly destined to be used 
for comparisons with the standards made by or for the different govern- 
ments which might adopt the Metric System. The prototype standard 
Metre at the Archives is of platinum, has no inscription or mark whatever, 
and is a Metre it bout. It is in a case, having a tablet with the following 
indication : — 

Metre 

Conformo a la loi du 18 Germinal an. Ill, 

Prescute le 4 Messidor an. YII. 

And outside the inscription the words : 

Fait par Ijonoir. 

That at the Conservatoire has precisely the same inscription, is in every way 
identical with the other, and seems in a better state of preservation. The 
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Kilogram of the Archives is a cyliader of platinum, without any mark or 
inscription, in a box having the following inscription : — 

Kilogramme 

Conform© h la loi du 18 Germinal an. Ill, 

Presente le 4 Messidor an YII. 

Portin f. 

The Kilogram at the Conservatoire has been recently ro-constructod (1864), 
and has the same form with the other. 

Two distinct comparisons were made between these Metros and Kilograms, 
and the result was that those at the Conservatoire were found to be 
1*00000329 and 1*00000072 respectively, as compared with those of the 
Archives. In answer to the assertion that a cubic centimetre of distilled 
water at 4° Centigrade of temperature did not in fact furnish the exact basis 
for the weight of the Kilogram, it was stated that the difference was quite 
infinitesimal, and that it had no value whatever when the exact standard was 
kept, and that corresponded with the standard Kilogram of all nations. The 
statements of General Morin and M. Tresca were considered highly satis- 
factory, as giving every guarantee of sufilcient exactitude, and completely 
dispelled every doubt suggested on the subject, A Commission appointed 
by the Committee afterwards inspected the Metro and Kilogram at the 
./G*chives and Conservatoire, and having found them as described, made a 
protocol signifying their satisfaction at the care with which the standards 
were preserved, and at the results of the verification made. 

"With reference to the uniformity of weights and measures, your Com- 
mittee have therefore much pleasure in reporting that their task has been 
greatly accelerated by the Conference described, and that there is every pro- 
spect that the principal nations will speedily adopt the Metric System. In 
the United Kingdom mucdi remains to bo done on the subject. As yet the 
Metric System, though rendered legal, has made but little progress cither in 
general practice or even in the education of the people, and your Committee 
are of opinion that the most efficient mode for promoting the early introduc- 
tion of this salutary reform is to make the use of the Metric System compul- 
sory at no distant period. They recommend, therefore, amongst other mea- 
sures, that a bill be speedily introduced in Parliament providing that after a 
given time the use of metric weights and measures shall become compulsory 
throughout the United Kingdom. 

As regards the coinage, your Committee have to report the proceedings of 
two important Conferences. The Monetary Convention signed at Paris 
on the 23rd December 1865, by the representatives of Prance, Belgium, 
Switzerland, and Italy, having established an agreement between four im- 
portant countries whereby the coinage of each of them was made legally 
current in all the others, great efforts have been made to induce other nations 
to give their adhesion to the Convention. Hitherto the Convention was 
made between nations which had already an identical system of coinage. The 
object of the Conference was to consider by what means those nations which 
had a totally different system could be also united. This Conference, called 
by the Prench Government, was held at the Ministry of Poreign Affairs, 
under the presidency of His Imperial Highness the Prince Hapoleon, and was 
attended by representatives from Austria, Baden, Bavaria, Belgium, Denmark, 
"the United States, from Great Britain, Greece, Italy, the Netherlands, Por- 
tugal, Prussia, Eiissia, Sweden, Norway, Switzerland, Turkey, and Wurtem- 
berg. The results of their deliberations were as follows. 
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It was unanimously agreed : — 

That the monetary unification may more easily he realized by the mutual 
coordination of the existing systems, taking into account the scientific 
advantages of certain types, and the number of persons who have already 
adopted them, than by the creation of a new system altogether inde- 
pendent of the existing ones. 

That for that purpose, the system agreed on by the Monetary Convention 
of 1865 should be taken principally into consideration, subject to any 
improvements of which it may be capable. 

It was agreed by all, except the representatives of the Ketherlands, — 

That it is not possible to attain such identity, or even a partial coinci- 
dence, in such monetary types in an extended area, on the basis and on 
condition of the exclusive adoption of a silver standard ; but that it is 
possible to attain it on the basis of a gold standard, allowing each State 
to preserve the silver standard in a transitory manner. 

It was agreed by all, excejit the representatives of Ilussia and the United 
States, — 

That the advantage of internationality, which the coinage of the metal 
taken for common standard would possess, is not a sufficient guarantee 
for its being maintained in circulation in all the States, but that it is 
necessary to stipulate that in the countries which continue to use the 
silver standard only, and in those which have a double standard, the 
relation between the value of gold and silver should not be established 
on too low a footing, in order to give due facility for the practical intro- 
duction of the gold coinage. 

It was unanimously agreed, — 

That for the success of the Monetary unification, it is necessary to fix types 
having a common denominator for the weight of the gold coin, with an 
identical fineness of 9/10 fine. 

The proposal that the common denominator should be the piece of five 
francs was ado|)ted by a majority of 13 votes against 2, the representatives 
England and Sweden having voted against, and those of Prussia, Bavaria, 
Baden, Wurtemberg, and Belgium having abstained from voting. 

It was then unanimously agreed, — 

That the gold coin of the common denominator of 5 francs should have 
legal course in all the States which are mutually bound by the Monetary 
Convention, 

It was agreed by all, except the representatives of Prussia, Baden, and 
Wurtemberg, who abstained from voting, — 

That it would be useful that the types of coinage determined by the 
Monetary Convention of 23rd December 18G5, should be in the interest 
of unification, and consequently of reciprocity, completed by new types, 
for example, of 25 francs. 

But for the proposal that a piece of 15 francs be also added, the represen- 
tatives of seven countries voted in favour, those of seven voted against, and 
those of six, including Great Britain, abstained from voting. 

It was unanimously agreed — 

That the Conference expresses the hope that the measures which may be 
adopted by the Governments of the different States in order to modify 
their respective monetary systems in accordance with the bases indi- 
cated by the Conference, should be made as much as possible the sub- 
jects of diplomatic conventions. 

And it was unanimously agreed — 
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That soon after the reception of the answers which may be given by the 
different States to the official communication, which will be made to 
them of the labours of the Conference by the French Government, 
that Government may, if necessary, call a new Conference. 

But on the question as to the time when such answers should be given, 
the representatives of ten countries voted for before the 15th February prox., 
those of five voted in favour for the 1st October 1867, those of the United 
States for the 15th May 1868, and those of Great Britain for the 1st June 
1868. Those of France and Spain abstained. 

Such were the resolutions of the International Monetary Conference, 
which had an official character, and whose proceedings were to a certain 
extent binding on the States represented. The other Conference, whoso 
decisions on weights and measures we have already reported, was also pre- 
sided over by Prince Napoleon, who took the chair on the day when the 
monetary question was discussed. 

The Committee had not prepared a report on this subject, as in the case of 
weights and measures, but had adopted tlic following resolutions, which were 
submitted to the Conference, and adopted with only some verbal alterations. 

Whereas the adoption of a uniform system of coinage would present evident 
advantages as regards convenience and economy in the settlement of 
international exchange, and recommends itself to the attention of all 
enlightened governments ; 

Whereas, on the other hand, such a desideratum cannot be realized unless 
several nations are prepared to sacrifice their old and habitual instru- 
ments of traffic, whilst it is important that the change may bo effected 
in a gradual and continuous manner, and that the mode of effecting 
this change should be as simple as possible and free from all incidental 
complication ; 

The Committee proposes as follows : — 

1. It is necessary in the first instance that the different governments 
interested in this question should agree as to the same unit in the issue 
of their gold coins. 

2. it is desirable that this coin be everywhere coined of the same fineness, 
of nine-tenths fine. 

3. It is desirable that each government should introduce, among its gold 
coins, one piece at least of a value equal to that of one of the pieces in 
use among the other governments interested, so that there may be among 
all the systems a point of common contact, from which each nation may 
afterwards advance in gradually assimilating its system of coinage to 
that which may ho chosen as a uniform basis. 

4. The series of gold coins now in use in France, being adopted by a great 
part of the population of Europe, is recommended as a basis of the uni- 
form system. 

5. Whereas, in consequence of accidental and happy circumstances, the 
most important monetary units may be adai)tcd to the piece of five francs 
in gold by means of very small changes, this piece seems the most con- 
venient to serve as a basis of a monetary system ; and the coins issued 
upon such a basis may become, as soon as th(‘ convenience of the nations 
interested permit, multiples of this unit. 

6. It is desirable that the different governments should decide that the 
coins issued by each nation in conformity with the uniform system pro- 
posed and agreed, should have legal currency in all other countries. 

7. It is desirable that the system of double standards be abandoned 
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wherever it yet exists, that the system of decimal numeration he uni- 
versally adopted, and that the money of all nations be of the same hne^ 
BOflHs and the same form. 

8. It is desirable that the governments should come to an understanding 
for adopting common measures of control, so as to guarantee the inte- 
grity of the coinage both when issued and whilst in circulation. 

Your Committee will take those and other plans for the decimalization of 
tlio coinage into their serious consideration, and as soon as possible wiU en- 
deavour to proj)ound one which they hope may meet all the requirements 
of the question. 

In conclusion, your Committee are happy in reporting that in their action 
they have obtained the valuable cooperation of the Council of the Interna- 
tional Decimal Association, and they trust that in the difficult and extensive 
task they have before them they will obtain the active sympathy, and assis- 
tance of the members of the British Association. 

The labours of the Conference will, we trust, jilace the great and difficult 
question of the decimalization of the coinage in the United Kingdom on a 
satisfactory basis ; and it is time that it should be taken up in a practical and 
business-like manner. 

Your Committee are perfectly agreed on the two great conditions that the 
coinage should be international and decimal ; but they have not yet come to 
a satisfactory conclusion as to the unit which would best satisfy these deside- 
rata, The proposition of the Conferences to take the hvc-franc piece in 
gold as a basis deserves consideration, though as a unit it would be imprac- 
ticable, being too small as a gold coin, very easily lost, too costly to produce, 
much subject to wear and tear, and not sufficiently large for transactions of 
finance and commerce. The five francs could only bo used as a submultiific, 
and upon this two plans have been presented. One is to take the 10 -franc 
piece equivalent nearly to 1 00 pence ; another is to alter the sovereign to 
the exact equivalent of 25 francs. The Committee will carefully consider 
those and other plans, with a view to the realization of an object so desirable 
as an international coinage, and will report on the subject in duo time. 


Report of the Committee on, Standards of Electrical Resistance, 

The Committee consists of Professor Williamson, Professor Sir C. Wheat- 
stone, Professor Sir W. Thomson, Professor Miller, Dr. A. Matthiessen, 
Mr. Fleeming Jenkin, Sir Charles Bright, Professor Maxwell, Mr. C. 
W. Siemens, Mr. Balfour Stewart, Mr. C. P. Yarley, Professor G. C. 
Poster, Mr. Latimer Clark, Mr. D. Porbes, Mr. Charles Hockin, and 
Dr. Joule. 

The Committee have much pleasure in reporting that during the past year 
considerable progress has been made, and that the principal instruments 
required by the Committee for experiments have been completed and are 
in use. 

The most important experiments have been those conducted by Dr. Joule, 
having for their object the determination of the mechanical equivalent of 
heat, by observing the heat generated in part of a voltaic circuit, the resist- 
ance of which was measured in absolute units by means of the standard of 
resistance issued by the Committee. 
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Last year preliminary experiments of this kind had been made by Dr. 
Joule, and the agreement which he then reported between his mechani- 
cal equivalent obtained by frictional experiments and that obtained by the 
electrical method was so close as to lead to a suspicion that it was partly 
fortuitous. 

The experiments, which have this year been conducted with every pos- 
sible care, give 783 as the value derived from the B.A. standard of resist- 
ance, while 772 is the well-known number derived from friction. 

The details of the experiments are contained in an Appendix which accom- 
jianies this Report. Dr. Joule states his opinion that the electrical method 
has been carried out with greater accuracy than the frictional method, 
assuming the B.A. standard to bo an exact decimal multiple of the absolute 
unit. The following extract from Dr. Joule’s Report will show the labo- 
rious nature of the experiments. lie says, ‘"^The last and most perfect series 
of experiments comprise tliirty for the thermal effect of currents in the 
spiral, thirty for the effect of radiation &c., and thirty for the horizontal 
intensity of the earth's magnetism.” Dr. Joule expresses himself willing 
to make a new determination by friction. Meanwhile the experiments 
already completed remove all fear of any serious error, either in the number 
hitherto used as Joule’s equivalent,” or in the B.A. standard, a fear which 
hitherto, remembering the very discrepant results obtained by others, has 
been very naturally entertained even by the Sub-committee, from whoso 
experiments the standard was constructed. 

In connexion with the measurement of resistances, Mr. C. W. Siemens 
has invented a simple and excellent contrivance, by which the measurement 
of resistances can be made by persons wholly unaccustomed to electrical 
experiments. They have only, after the necessary connexions arc made, to 
turn a screw till a needle stands opposite a fiducial mark, when the resist- 
ance required may be read directly on a scale with considerable accuracy. 
Mr. Siemens proposes to apply this invention to pyrometers, where the 
resistance read will indicate the temperature, and the only electrical con- 
nexions required will be joining of the battery wires to two terminals. 
Other applications of this invention will doubtless arise, and extend the 
practical application of electrical measurements. A full description of the 
instrument is contained in the Appendix. Mr. Siemens reports very favour- 
ably of this instrument, which possesses considerable advantage in cheap- 
ness and portability. Mr. Siemens has constructed the instrument, and made 
the experiments entirely at his own expense. 

An instrument similar in object, and suggested by the above, is also 
described by Mr. Jenkin in an Appendix. 

Mr. Hockin has tested the constancy of the standard resistance-units, with 
satisfactory results, except in the case of one mercury tube. The exact 
results of Mr. Hockin’s comparisons are appended. He suggests that lead- 
glass was used for the mercury tube, and that the glass may consequently 
have been injured by the nitric acid used to clean it. 

Mr. Hockin has also made interesting experiments on the construction of 
large resistances by the use of selenium. He finds that resistances of one 
million units and upwards can be made of this material, and that these 
artificial resistances maintain a sensibly constant resistance at high tempera- 
tures, such as 100° C. It is hoped that these very high artificial resistances 
will be found useful in practice and much superior to those hitherto con- 
structed of gutta percha, or other insulators, which were of comparatively 
little use in accurate work, owing to absorption, change of resistance with 
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temperature and inconstancy when kept for any considerable time. These 
valuable experiments have not caused any expense to the Association. 

The determination of a unit of capacity has occupied Dr. Matthiessen, Mr. 
Hockin, Mr. Foster, and Mr. Jenkin during the last two years. 

Very considerable difficulties have been encountered, and are not yet wholly 
overcome. The methods by which both the electrostatic and electromagnetic 
units can be determined, and multiples or submultiples prepared, are suffi- 
ciently simple in theory, but they assume that the condensers or Leyden 
jars compared have really a definite capacity, and that with a given electro- 
motive force, between the induction surfaces, a definite quantity of elec- 
tricity will be contained in the jar or condenser. This is very far from true 
with condensers of ordinary form. Whether the dielectric separating the 
plates be glass, mica, gutta percha, paraffin, ebonite, or any other known 
solid insulator, an absorption of electricity takes place ; the longer the plates 
are charged, the more electricity the condenser will contain, and conversely, 
it will continue to discharge itself for a very long period after the inner and 
outer armatures have been joined. With some of the best insulators the 
effect will continue for hours, if not for days. Condensers made with these 
solid dielectrics have therefore no definite measurable capacity. This capa- 
city will differ according to the time during which they have been charged, 
and it may also vary with extreme variation in the electromotive forces em- 
ployed, although this latter change has not been detected when the differ- 
ences of potential are such as between one Danielhs cell and two hundred. 

Only gaseous dielectrics appear free from this embarrassing peculiarity, called 
absorption, polarization, or residual charge. One object of the Subcommit- 
tee has therefore been to construct condensers in which air alone separated 
the induction-plates. But new difficulties arose in carrying this idea into 
practice. Some support for each jdate was necessary, and then leakage 
occurred from one plate to another over the surface of any small insulating 
supports employed, such as glass balls or vulcanite stems. It was possible, 
by great care in drying the air, occasionally to make condensers of this type, 
which would remain insulated for a short time, or even for some months ; 
but long experience has shown that an artificially dried atmosphere cannot 
be conveniently maintained in any instrument which is not hermetically 
sealed. 

Lust also accumulated between the plates of the trial-condensers ; this 
altered their capacity and increased the leakage from plate to plate. Even 
a single filament of dust, by springing up and down between the two elec- 
trified surfaces, would occasionally bring them to the same potential with 
great rapidity, neutralizing the charge; moreover a condenser of this type 
could not be taken to pieces and cleaned, for no mechanical contrivances 
could ensure that the parts after cleaning would return to their original 
position so exactly as to constitute a condenser of the same capacity, before 
and after the cleaning. It is therefore clear that an air- condenser can only 
bo constructed in a hermetically sealed case, containing an artificially dried 
atmosphere ; and even with these conditions, excluding the graduated and 
adjustible condensers, which were first tried, the air- con denser is not easily 
constructed. For large capacities, which are alone useful in connexion 
with practical telegraphy, the plates require to be so numerous and large 
as to make the expense great and the bulk' very inconvenient. 

It is hoped by the use of tin plates, soldered to metal rods, and supported 
on insulated stems inside a soldered metal case, that these objections may be 
partly avoided ; but meanwhile practical men have introduced condensers of 
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a more convenient form, overlooking the disadvantage which they all possess 
of ill-defined capacity. 

These condensers consist of sheets of tinfoil separated by paraffin and 
paper, a preparation of gutta percha, or mica — three plans adopted by Mr. 
Yarley, Mr. Willoughby Smith, and Mr. Latimer Clark respectively. 

Condensers of this type have been made approximately equal to a knot 
of some submarine cable, and the rough units thus introduced are gradually 
creeping into use, although all electricians have been anxious that the Com- 
mittee should issue a more scientific standard. Under these circumstances, 
Mr. denkin has adjusted a mica-condenser, approximately equal to 10- 
absolute electromagnetic units. The capacity of this condenser is assumed 
as that which it possesses after electrification for one minute, and is mea- 
sured by the discharge through a galvanometer, in the manner usually prac- 
tised when testing the charge of a submarine cable. The formula for obtain- 
ing the measurement in absolute units from the throw of the needle is very 
simple, requiring only observations of the time of oscillation, of a resist- 
ance in absolute measure, and of a deflection of the galvanometer-needle. 
All of these observations can readily be made, so that their accumulated 
error cannot exceed one per cent. ; and for the present purpose this accuracy 
is sufficient, inasmuch as, when using the condenser, small variations 
inevitably occur, arising from the residual discharge. While therefore the 
new provisional unit of capacity has no claim to a high scientific accuracy, it 
will supply a practical want and introduce a unit based on the principles 
adopted by the Committee, in place of the random measures supplied by a 
knot of Persian Gulf or Atlantic cable. 

No decision has yet been arrived at whether the new unit shall be issued 
by the Committee, or on Mr. Jenkin’s own responsibility, nor has the price 
been fixed. 

The experiments by which it has been obtained arc given in an Ap- 
pendix. 

The practical applications of the standard of capacity are important. It 
will allow the capacity of submarine cables to be universally expressed in 
comparable figures, and may lead to improvement by the diminution of the 
specific inductive capacity of the insulator, precisely as the introduction of 
units of resistance has assisted the improvement in insulation and conduc- 
tivity. 

The electromagnetic capacity standard will also, by comparison with the 
electrostatic standard about to be made, furnish one mode of determining 
the constant called v in previous lleports, a number of much importance in 
the theory of electricity. 

The next unit or standard for consideration is that of the difference of 
potentials or electromotive force in absolute measure, concerning which the 
experiments have been wholly in Sir William Thomson's hands. He reports 
that ho has at last succeeded in constructing a series of electrometers 
capable of measuring differences of potential ranging from of a Danieirs 
cell up to 100,000 cells, and that these measurements can all be reduced to 
absolute omits by comparison with one instrument of the series. 

This class of instruments has been created by Sir William Thom- 
son, who year by year has produced electrometers each surpassing its pre- 
decessor, both in accuracy and delicacy ; but although those who have had 
practical experience of the admirable results obtained by these, have for the 
last two or three years believed that the limit of excellence has been reached, 
Sir William Thomson has not ceased to invent better and simpler forms, until 
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the instruments now supplied surpass every expectation of practical electri-^ 
cians and furnish, indeed, a new engine for electrical research. 

The chief difliculties encountered have been the insulation of the Leyden 
jar, which has formed an essential part of all the contrivances, its main- 
tenance at a constant potential, and the reduction to'absolute measurement ; 
in the present instrument absolutely perfect insulation is no longer required ; 
for by a now device for converting mechanical force into statical electricity 
(first constructed by Mr. Yarley in 185D) Sir William Thomson is able at any 
moment to replenish the jar by a few turns of a handle, and by a gauge 
electrometer, he can insure that the same charge is constantly maintained 
in the instrument. The difficulty of the reduction to absolute units consists 
in the difficulty of comparing the extremely small forces produced by electro- 
static attraction, with the force of gravitation, and in the accurate measure- 
ment of the extremely small distances which separate the attracting surfaces. 
Sir William Thomson reports that these difficulties have been overcome in his 
opinion, and that he will bo shortly in a position to construct and issue a 
simple pattern of an absolute electrometer or gauge of potential which will 
servo as a standard for general use. 

Further experiments and tests are, however, required before this can be 
done, as any precipitation would only injure the interests of the Committee, 
It is right here to mention that the above experiments have been carried 
out almost entirely at the expense of Sir William Thomson. 

The rcplcnisher, which is founded on the principle of the cloctrophorus, 
may very possibly supersede the old form of electrical machine entirely ; it 
has some analogy with the electromagnetic machines lately invented by 
Mr. C. W. Siemens and Professor Wheatstone, by which intense dynamic 
effects are evolved from the smallest initial trace of magnetism, by the con- 
version of mechanical force into electric currents, and was, indeed, sug-^ 
gested by this invention to Sir William Thomson, who reinvented the plan 
patented by Mr. Yarley^. 

A modification of the same contrivance will allow the comparison of ex- 
tremely minute quantities of electricity, such, indeed, as might be accumulated 
on a pin’s head ; by a series of rapid inductions a charge is accumulated on 
the electrode of an electrometer, which may be made equal in potential to 
that on the pin’s head, but infinitely exceeding it in quantity ; the effect of 
this charge in the electrometer can then be observed without difficulty, and 
any increase or diminution in the quantity of electricity on the pin's head 
or proof plane can be detected, and the rate of loss or increase observed. 
The potentials to which various small bodies are charged can also be observed 
by the same method, the advantage of which consists in the fact that the 
original charge on the body tested is undisturbed by the test, whereas by 
any of the older tests the charge was altered by being touched by a proof 
plane or by the electrode of the electrometer. 

A similar plan has already been proposed by Mr. Yarley and Sir William 
Thomson, with a water- dropping arrangement, but the mechanical contrivance 
is in all ways preferable. No expense has been incurred by the Committee for 
these instruments or experiments. 

Passing to the unit of current, the Committee regret that no experiments 
have yet been made with the large absolute elcctrodynamometer constructed 
with the funds granted by the Boyal Society. Much difficulty has been 
experienced in finding a sufficiently solid foundation in London, and probably 
the instruments must be moved into the country for accurate use. 

A eimilcir plan was proposed by Mr. Nicholson in 1785 : i>icie Phil, Trans. 
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A portable electrodynamometor has been constructed which will be suit- 
able for distribution as a standard instrument. It can be compared with the 
large absolute instrument, and can also bo compared directly with the most 
sensitive astatic galvanometers yet made, as has been already proved by expe- 
riment. These instruments cannot be distributed until further experiments 
on their constancy have been made. 

Sir William Thomson, at his own ex])ensc, has also constructed an electro- 
dynamometer for absolute measure. His results will check those obtained in 
London, and the portable standard will also be tested by being sent backwards 
and forwards between Glasgow and London, to be compared alternately with 
the absolute instruments. 

The determination of “ the ratio between the electrostatic and electro- 
magnetic units, is also an object pursued by the Committee. Bir William 
Thomson has made preliminary experiments, and has obtained numbers for 
this constant by the aid of the absolute electrodynamometer, and the absolute 
electrometer already named. The iiiimber he has obtained diflers so consider- 
ably from that hitherto received that he prefers to extend his experiments 
before publication. The same remark applies to the measurement of the 
electromotive force of a DanieH’s cell, made by the absolute electrometer. 

It is hoped that the present lleport contains satisfactory evidence that valu- 
able work is being done by the Committee, and that the sums of money 
liberally granted by the Association have been expended on proper objects. 

It will bo seen that these grants have stimulated further expenditure on 
the part of more than one member ; and thanks are also duo to the Electric 
and International Telegraph Company, for the liberality with which they 
have lent large batteries, thereby saving much expense. The Committee are 
willing to be reappointed, and require no grant of money for the ensuing 
year. 


APPENDIX. 

I. On a Resistance-Measurer By C. W. Siemens, F.R.JS. 

Eor the measurement of small resistances the method formerly employed 
was that of the tangent galvanometer, which method is still valuable in the 
determination of resistances which are inseparable from a difference of electric 
potential, such, for instance, as a galvanic element. 

In measuring wire-resistance, more accurate and convenient methods have 
been devised, amongst which that of the common differential galvanometer 
and that known as Wheatstone’s balance hold the most prominent places. 

But both these systems have disadvantages which render them insufficient 
in a great many cases. Eor instance, in the first method a well-adjusted vari- 
able-resistance-coil is necessary, which, if the method is intended to be appli- 
cable between wide limits, will have impracticable large dimensions. The 
bridge method, though very beautiful, requires three adjusted coils, and fre- 
quently gives rise to calculations, which renders it unavailable for unskilled 
operators. The sine mithod, which is the most suitable for measuring great 
resistances, requires oven a superior amount of skill and mathematical know- 
ledge on the part of the operator. 

Many years’ experience of these methods made me feel the want of an in- 
strument which would, by its simplicity of construction and case of manipula- 
tion, bo capable of employment by an unskilled operator with a degree of 
exactness equal to that of the bridge method. 
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The condition upon which such an instrument could be successful appeared 
to be the following ; — 

1. The employment of a zero method, by which the galvanometer-needle 
should always be brought to the direction of the magnetic meridian, or the 
same given point upon the scale, and therefore be independent of the unknown 
function of the angle of deflection. 

2. The readings to be made upon a simple lineal measure divided into equal 
parts signifying equal units of resistance. 

3. The employment of a single and unalterable comparison-resistance. 

The apparatus constructed to fulfil these conditions is represented by the 

following diagram : — 



Two equal and parallel helices, h and h', are fixed upon the common 
slide 8 s', which moves in the direction of its length between guide rollers. 
This motion is effected by the end 6*' armed by a facing of agate, which 
presses against the face of the metal curve c c'. The latter is fixed upon a 
slide moving in a groove in the rule d d', at right angles in the direction d d' by 
means of a milled head on the axis of which is a pinion gearing into a rack 
underneath the straight edge of the curve c c. The rule d d' is graduated in 
equal parts ; and opposite to the divisions is a nonius up the straight edge and 
the curve, to divide each degree into ten parts. Whenever the milled head 
%, therefore, is turned, the position of the curve is altered ; and as the point s' 
of the bobbin- slide is pressed against it by means of a spring, the bobbin fol- 
lows it in all its movements. 

The wires of the two bobbins are connected together, in the common point 
a, with the pole of a galvanic battery e, the other pole being connected with 
two resistances E, and through these with the remaining end of the galvano- 
meter-helices. The resistance E is made constant, and adjusted so that when 
a?s=0 the index of the curve stands exactly opposite the zero of the graduated 
scale d d’, the unknown resistance being represented by 

It is evident that, the i^esistance in the bobbins being equal, as also their 
dimensions and initial magnetic effects upon the needle suspended between 
them, if we make the resistance co equal to E, the current in the two branches 
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will be equal, and the magnet-needle therefore balanced between them only 
when the helices are equally distant from it. Should, however, either of thesp 
resistances preponderate, the strength of current in that branch will be les- 
sened ; and in order to reestablish the balance it will be necessary to shift the 
bobbins, approaching the one in which the weaker current is circulating towards 
the suspended magnet. 

The instrument is erected upon a horizontal metal table standing upon 
three levelling-screws. The bobbin, the suspended magnet, and dial plate for 
observing the zero of the pointer are contained in a glass case, supported by 
four brass pillars. The instrument is supplied with terminals for the battery- 
connexions, and a current -breaker for interrupting the battery-circuit. Oppo- 
site to those arc four terminal screws for receiving the ends of the resistances 
11 and Xy with contact-plugs between them, in order to quickly establish a 
short circuit in case the operator should be in doubt towards which side he 
has to move the adjusting- curve. Two constant resistances accompany the 
apparatus II — that which is used during the measurement, and a, a resistance 
of known value, which is introduced between the terminals a; in order to 
enable the, operator for his own security to make a control measurement by 
which he may verify the accuracy of the instrument at any time. Another 
purpose of this resistance is to facilitate the readjustment of the zero-point, in 
case the galvanometer should at any time be cleaned or a new silk-fibre put in. 

In constructing the sliding curve of this instrument, it might be determined 
by calculation from the formula given by Weber for the deflection produced by 
a circular current of known magnitude upon a magnetic point, and from the 
given distance of the coils from each other. I prefer, however, in practice to 
determine the curve of each separate apparatus empirically, because it is not 
possible to coil a helix mathematically true, or to set it, when coiled absolutely 
at right angles to the plane of its horizontal motion. 

In the determination of each curve I use a delicately adjusted rheostat or 
scale of resistances in the circuit of .r, giving it varying values corresponding 
to the equal divisions of the engraved scale, and constructing the curve accord- 
ing to the position which it is found necessary to give to the point s' in order 
to arrive at the magnetic balance. With each instrument it would be possible 
to have two values of It — one expressed in mercury and the other inE.A. units ; 
and in order to measure at pleasure in either of these units, it would only bo 
necessary to insert the one or other between the terminal screws for It. 

The instrument has been found to be very convenient for the measurement 
of the wire-resistances of overland lines, or for the reading of resistance ther- 
mometers ; it reduces the operation and the observation of the zero position of 
a needle, and the reading upon a graduated scale, which can be performed by 
a person of ordinary intelligence without experience in electrical measurement. 
In accuracy and range it equals the bridge method, while as regards portability 
and cheapness of apparatus the advantages are decidedly in its favour*. 

II, On a Modification of Siemenses Mesistance’-Measurer, 

By Fleeming Jenkin, F . E , S » 

The following method of measuring resistances was suggested to Mr. I enkin 
by the above invention of Mr. Siemens : — 

Let two tangent galvanometer-coils of equal magnetic moment bo fixed 

* I have lately constructed the same instrument on this principle with a circular instead 
of a straight sliding-piece, whicli gives tlio advantage of a longer graduated scale in the 
form of a circle. The circular sliding curve is adjusted by radial sot screws in a solid ring 
working in a V-groove round the galvanometer. 

1867. 2 K 
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together at right angles, with a short magnet hung in their centre, having 
a long light index pointing at a fiducial mark when the needle is in the 
magnetic meridian. Let the battery and coils be so joined that the current 
shall divide in the ratio of the resistances in the two coils, and shall pass in 
such a direction as to tend to turn the needle in opposite directions. 



The dotted lines show the position of coils when the current is passing. 

Lot one coil with a resistance E at the beginning of the experiment stand 
in the magnetic meridian, and the other coil with a resistance E^ in a plane 
perpendicular to the meridian ; and when the current is passing in such a 
direction that E tends to turn N S in the direction of the arrow, let the coils 
be turned till the needle is again brought to the fiducial 2)oint and the coil Ej 
makes an angle <p with the magnetic meridian, then we have E = tan ^ Ej ; 
for the foreo^ exerted by the coil E^ to deflect the needle in the direction of 
the arrow will then equal m sin 0 ; the force exerted by the coil Ej to deflect 
the needle in the oj)posite direction will he cos 0 ; and we have m sin 

cos <j)f or ~ =tan <p, where m and are the couples experienced by 
the magnet under the action of the two coils, hut as we have supposed these 
coils to have equal magnetic moments with equal currents, > there- 

fore E»ten ^ E^. E and E^ need not be the resistances of the galvano- 
meter-coils only, but may consist of tw’o parts, G -j- and G^ +■ where 
G and G^ are the resistances of the galvanometer-coils, but r and are 
added resistances. Thus, when G G^ and r are known, can be obtained by a 
simple observ^ation. 

If G 4- y* be one, one hundred, or one thousand units, the resistance of 
will be equal to the tangent of 0, or to one hundred or one thousand times 
that tangent respectively minus in each case a constant *= Gj. 

If the range of the instrument wore not required to he very great, the coils 
would bo turned by tho pushing of a straight slide, equal divisions on which 
would correspond to equal increments of tho tangent of and the scale would 
be numbered, so that tiie resistance should be read off directly, as in 
Mr. Siemens’s instrument. 

The tangent coils should he made of German-silver wire, and might bo 
arranged as practised by Helmholtz and Gaugain. Theoretically, the range 
of each instrument would he infinite, L e. any instrument would be capable 
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of measuring an infinitely small or infinitely large resistance ; but clearly the 
resistance of G -f- r shoifid be so arranged in each case that the angle ob- 
served was not very different from 45° The range of the instrument may 
be further increased by the use of elements. 

III. Comparison of B.A, Units to he deposited at Kew Ohservatorij, 

By C. Hockin. 

The following Table shows the value of the different copies of the B.A. 
units that have been made for preservation at Kew ; — 


Material of coil. 


Platinum-iridium alloy.. 

Platinum-iridium alloy. . 
Gold-silver alloy . , . 
Gold-silver alloy 

Platinum 

Platinum 

Platinum-silver alloy 

I ♦Mercury 


Mercury... 
Mercury . 


No of 
coil 

Date of observation. 

Tempera- 
tures at 
wliich coil 
has a resist- 
ance =10^^ 

Observer 


1 

January 4, 1865 

15V>C. 

0. H. 

2 


June 6, 1865 

16-0 

A.M. 


1 

^ February 10, 1867 

16-0 

0. H. 


( 

^January 4, 1865 

15-3 

C. H. 1 

3 

1 

Juno 6, 1865 

15-8 

A.M. 1 


1 

February 10, 1867 

15*8 

C. H. 

10 

ij 

'January 5, 1865 

15-6 

A.M. 


1 

February 10, 1867 

1.5*6 

C. H. 


I 

f April 10, 1865 

15*3 

A. M. 

.58 


Juno 6, 1865 

15*3 

A. M. 


I 

[February 10, 1867 

15*3 

C. H. 



r January 7,1865 

15*7 

0. H. 

35 


August 18, 1866 

15*7 

A.M. 



L February 10, 1867 

15-7 

C. H. 



f January 7, 1865 

15*5 

C. H. 

36 


August 18, 1866 

15*5 

A.M. 



[February 10, 1867 

15*7 

0. H. 



f February 15, 1865 

15*2 

C. H. 

43 


March 0, 1865 

15*2 

A. M. 



[ P’ebruary 10, 1867 

15-2 

C. H. 



f February 2, 1865 

16-0 

A. M. 

I. 


July 18, 1866 

16 0 

A.M. 



1 February 11, 1867 

10*7 

0. H. 



f February 3, 1865 

14 8 

A.M. 

II. 


August 18, 1866 

14*8 

A.M. 



[February 11, 1866 

14*8 

C. H. 

ITT. 

February 11, 1867 

17-9 

0. H. 


* The alteration of this coil, observed on February 11, 1867, is due, no doubt, to a defect 
observed in the glass tube. 

The tube was of lead-glass. Perhaps the strong nitric acid used to clean the tube 
attacked the glass. A new mercury unit (No. III.) was made in consequence of this 
defect. 

The apparent alteration in the platinum-iridium coils from the first value found, 1 believe 
to be owing to a clerical error. Nq alteration has been observed in them since the second 
observation made by Dr. Matth lessen in June 1865. 

The values given in the above Table are deduced from the German-silver coil called B, 
used in your Committee’s experiments in 1864 This coil Wus found (by comparison with 
copies made in 1864, of gold-silver, German silver, and platinum silver) not to have altered. 
The coil B was also compared with the coil (June 4) used in 1863, and tlie ratio of the 
two coils was found not to have altered. 


lY. Experiments on Capacity, By Fleeming Jenkih, F.M^, 

The capacity of a condenser made of mica and tinfoil was as 

to be approximately equal to lO-i* electromagnetic absolute units, acjsiijfding 

2x2 . 
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to the following experiments. The capacity of any condenser can be directly 
measured in absolute measure by the following formula applying to the effect 
of a single discharge from the condenser through a galvanometer : — 


(vide Beport, 1863, Appendix C, p. 144), where is the resistance of a 
circuit in which the electromotive force used to charge the condenser would 
produce the unit deflection, while i is the angle to which the needle is ob- 
served to swing from a position of rest, and is half the period or time of a 
complete oscillation of the needle of the galvanometer under the influence of 
terrestrial magnetism alone. 

This formula, which is analogous to that for any ballistic pendulum acted 
upon by a known impulse, supposes that the whole impulse is given in a time 
very short as compared with t, and it also supposes that the deflection i is 
unimpeded by friction. 

I employed a Thomson’s astatic reflecting galvanometer with double coils 
of German-silver wire. The oscillations, with the usual mirror and magnet, 
subside so rapidly that t cannot be measured with accuracy, and i is very 
sensibly affected by the resistance of the air ; to obviate this I attached a 
brass ball to the lower magnet of the galvanometer, weighing 55 grains*. 

A single floss-silk fibre can just supjjort this weight, under which it con- 
tinues to stretch sensibly for about three days. In order that the discharge 
from the condenser, electrified by from 20 to 30 cells, should have force to move 
this heavy ball through a sensible angle, the galvanometer was made highly 
astatic, and then I found that with even a single cocoon fibre the needle did 
not return to zero within three or four divisions of the scale for some 
minutes, exhibiting a kind of viscosity. Tlie floss-silk fibre, though much 
weaker, gave a very constant zero. The value of t with the weighted 
needle seldom differed much from 20 seconds, and the times could be observed 
for 10 or 11 minutes, during which time t was found to remain sensibly 
constant. As there was no difficulty in observing the times of oscillation 
within one second, it may bo said that the observed value of t was correct 
within one part in 500. Greater accuracy was not required, as the possible 
error from other sources considerably exceeds this. Twenty Daniell’s cells 
were used to charge the condenser, and the discharge observed was about 
180 divisions ; but the observations were recorded within a quarter of a 
division : as this is done by estimating the position of the reflected spot 
stationary between the two black lines of the scale for an almost insensible 
time, it would not be right to assume that the deflection i is observed with 
greater accuracy than one part in 400. When the spot of light returned 
after making one complete oscillation, the diminution in the deflection was 
from 10 to 12 divisions ; one quarter of this amount was therefore added as 
correction in each ease to the deflection observed. The resistance of the 
whole circuit was composed of the battery resistance, that of German-silver 
resistance-coils, and of the German-silver coils in the galvanometer ; no 
considerable variation could therefore occur except in the battery, which 
formed only a small portion of the total resistance. The coils (adjusted by 
Mr. Hockin) are probably correct within one part in a thousand, and the 
measurement of the galvanometer-coils is equally well known. 

Prom what has been said, it might be expected that the capacity of any 
condenser could be obtained with an accuracy of one part in 400 or 500 at 

* The ball, two magnets, mirror, and connecting bar, forming the whole suspended 
system, weighed 57^ gi’ains. 
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least ; but successive discharges were occasionally found to differ by as much 
as two divisions, though this amount of discrepancy was rare. It was duo 
partly to the residual effect of foimer charges in the condenser, though great 
care was taken to avoid this, parti 5 % it is believed, to slight changes in the 
electromotive force of the battery (which was not in very good order, the 
discharges being generally less toward the end of a set of experiments), and 
partly to slight motion of the needle at the moment of taking the discharge. 
This last source of error made it impossible to make the observations in Lon- 
don ; even in the country the needle was seldom, if ever, absolutely still, 
though the oscillations were generally less than one division. The variation 
of the electromotive force and resistance of the battery when taking a per- 
manent deflection was another source of error. Owing to the great inertia 
of the swinging parts, no observation could be taken until the current had 
been flowing for at least a minute, and often more ; and, especially when small 
resistances were used, the deflections visibly diminished with time. Owing to 
all these causes, I do not depend on the results obtained as certainly accurate 
within less than one per cent. This is the less to be regretted, as the capacity 
of a mica condenser is very ill defined within wide limits, owing to absorption. 

The condenser used consisted of 38 plates of mica, about 0*003 in. thick, and 
having a circular piece of tinfoil 3 in. in diameter cemented to each side of the 
mica, with a piece of each tinfoil jnojecting beyond the mica so as to join all 
the upper tinfoils and all the ]o^s er tinfoils together, and form the inner and 
outer armature of the condensers. This i)lan has for some time been practised 
by Mr. Latimer Clark, and makes a very constant and well-insulated condenser, 
extremely easy to adjust roughly by altering the number of the mica plates, and 
for small corrections by cutting away portions of the tinfoil from the top plate. 
Mica, like all other solid dielectrics with which I am acquainted, apparently 
absorbs electricity to a very large extent, and continues to do so for a long 
time, discharging it at first rapidly, but at the last very slowly indeed, so that 
a complete discharge is not effected for hours. The total capacity of the con- 
denser varies therefore as the time varies during which it is charged, and the 
apparent discharge varies wdth the time during which wo measure it ; for 
instance, if we merely observe the discharge due to a momentary contact, 
we shall obtain a different result from that given when we maintain the 
contact all the time the needle is swinging ; the result will also vary in the 
latter case with the time of oscillation of the galvanometer needle. If the 
needle oscillates slowly, it wiU be acted upon by a greater quantity of elec- 
tricity than if oscillating rapidly. Thus, in one experiment, the deflection, 
when the discharging contact was permanently maintained, was 166 divisions, 
when a momentary contact was made by a blow it was only 156°. When 
the contact was made for about 1*7 second the deflection was 161, and when 
the contact was maintained for 3*4 seconds the deflection was 164 ; the 
maximum deflection of 166 was reached after 5 seconds : these experiments 
show that when the needle had travelled two-thirds of its maximum 
distance, the current being discharged exercised a very sensible influence on 
the deflection. The ballistic formula is therefore not strictly applicable to a 
case of this kind, and a different result would bo obtained with a galvano- 
meter oscillating either more or less quickly than the one I used. It seemed 
therefore unnecessary to take great i3recaution8 or to aim at any high degree 
of accuracy ; and my object has simply been to provide a unit for cable-testing 
which shall be approximately equal to the ideal standard chosen by the Com- 
mittee, and which can be used with at least as great accuracy as those copies 
of knots of Atlantic or Persian Gulf cables hitherto used. 
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The value of in the formula given at the commencement, was found 
by two methods, which wo will call the indirect and direct method. In 
the indirect method three sets of resistance-coils, 6, c, were arranged 
as in fig. 1, with a battery B, and a galvanometer G, and a shunt Z, equal 


Pig. 1. . Pig. 2. 



in resistance to of the galvanometer-coils. The resistance c was made 
equal to 1000 units, and the resistances a and h adjusted until a convenient 
deflection was obtained on the galvanometer ; the resistance a was next 
changed to a^, and h was then altered to 5^, so as to give the same deflection 
as before on the galvanometer G. Then calling d the deflection observed, G 
the resistance of the galvanometer, wo have 


Ej=n<^ 



(6-f c-hiG) -j-c+^G) 



a formula for which the resistance of the battery need not be calculated 

(w=1000). 

The second or direct method of obtaining E, was first to calculate the resis- 
tance of the battery B by the following formula (fig. 2 ) : — h and f are variable 
resistances; g the resistance of the shunted galvanometer =47*2 in my ex- 
periments ; break the circuit at /, and adjust h till a convenient reading 
is obtained ; then join/, as shown in the sketch, and adjust / and h until the 
game deflection is obtained as before ; then, calling the last resistance at Ji, 
we have 


B=/ 




Secondly, a direct deflection d was obtained with a resistance Ic in cir- 
cuit ; then Ej *= nd (/r -f B + ^), 

The following is a record of the experiments made in chronological 
order : — 


September 22. — Discharge , — Yalues of i after charging for one minute 
with 20 cells : — 


r. 2° 3°. 4^ 5°. Mean. 

107 167 160 166 166 166 

Adding 2*5 to compensate for portion of air 168*5, and the angle being 
very small, sin 1 1 = 84*26. 

Test for insulation ; discharge after one minute's insulation 164. 
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— First four oscillations ; the spot crossed the central point in the 
same direction at 

0'35", 0'65", r33"; 

last four oscillations, 

9' 13", 9' 32", 10' 10", 10' 29". 

Total number of oscillations 31. Mean value of 2^=19' 15". 


1 °.. 
2 °. . 
3°. . 

4°. . 


a. 

. .8000 
. .6000 
, .8000 
, .6000 


lOOOO 

b. 

1000 

b,, 

649 

1000 

d. 

275i 

8000 

1000 

575 

1000 

364i 

10000 

1000 

647 

1000 

274k 

8000 

1000 

574 

1000 

355i 


Ej Ohm’s. 
5*17 X W 
b-17 „ 
5-12 „ 
5-18 „ 


Mean value of in absolute measure 5-16 x lO^®. Value of S, 99*53 x 10 
Value of Direct method. Eattery resistance ; — 



/. 

h. 

A. 


B. 

1°. . 

.. 2 

18700 

30 

47 

484 

2^ . 

. .10 

18000 

300 

47 

492 


Mean value of B 488. 
Deflection with variable resistance in circuit : — 



d. 

Jc. 

B 

9' 

n. 

R. Ohm’s. 

P.. 

. .22Gi 

22000 

488 

47 

1000 

5*10 X W 

2°.. 

. .3101 

16000 

488 

47 

1000 

5a3 X 10*^ 


Mean value of 11^=5*125 x 10^^* absolute units. Value of S from values 


of t and ? as above, 100*21 x lO-^"^. 


September 24.- 

— Discharge , — sin 

i ?*= 84*75. E^ 

from indirect method 

a. 

h. 

b^. c. 

575 1000 

d. 

R, Ohm’s. 

P.... 6000 

8000 1000 

354 

5*18 X 10'’ 

2°.... 8000 

10000 1000 

648 1000 

275 

5*16 X 10'’ 


Mean value of E^ in absolute measure 5*17 X 10®. Assuming t as on 
September 23, 8=^99*92 x 10- 

The box holding the condenser was now filled up with an insulating com- 
position, 

October 13. — Discharge, — 184 divisions, 12 divisions lost on return, 
sill ^ i=93*5. Discharge after one minute’s insulation 181 divisions. 

Tirm * — First four oscillations, 

0^30", 0'51", I'll", r31"i 

last four oscillations, 

10' 4", 10' 23", 10'43|", 11' 5". 

Total number of oscillations 31. Mean value of 2^=20*47. 


by indirect method ;> 


, , 

a. a,. b. Oj, c. 

d. 

R^. 

8000 10000 1000 646 1000 

333 

6*19 X 10\ 

Value of 8=98^42 xl 0 -« 



i?, by direct method. Battery resistance : — 



' f. h. h,. 

9' 

B. 

10 17400 700 

47 

2231 

Direct deflection : — 



d. k. B. g. 

n. 

R,. 

P.,.,270i 22000 2231 47 

1000 

6*01 X lO*" 

2°..., 331 18000 2231 47 

1000 

6*05 X 10' 

Mean value of Ej=6*03 x 10^® absolute units. 

Value of 

8=101*03x10-' 

October 15.^ — Discharge : — 

r, 2°. 3°. 4°. 

5°. 

6°. 

186 186 1841 184 

1841 

184| 

Mean 184*6, adding 8 for air, sin ^ i=93*8. 




Times,— Fir&t four, 0' 23", 0' 42|", missed, 1^ 24" ; last four, 7' 55", 8' 16", 
8' 35", 24 oscillations in all. Mean value of 2^=20*56. 
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Independent scries of observations divided into triplets ; — 

first two, 0' 1' 24", last two, 9' 37|, 10"-39, 

30 oscillations in all. Mean value of 2^=20*55. 

Value of Direct method. Battery resistance : — 


r 223 

2° 21G 

Mean 219 

Direct deflection : — 

d. Jc. B. g. n. Ohm’s. 

P. . . .278 22000 219 47 1000 G-19 x 10« 

2° S2U 19000 219 47 1000 6*19 x W 


Mean value of in absolute units G*19 X 10^'. Yaluc of S=99’2 x 10“^“. 


October 17. — I)isc7iar(/e : — 

r. '2°. 3° 4" Mean. 

179 180 179 180 179-5 

sin 4 ^ = 91|. 

Times : — 

0'e55", 1'5G|", 10' 7]", irS]". 

Total number of oscillations 30. Mean value of 2^=20*4G. 
Value of li . Direct method. Battery resistance : — 

P 210 

2^ 223 


Mean 215-5 

Direct deflection. : — 

d. l\ B, g. n. E^ Ohm’s. 

P....268 22000 215i 47 1000 5-97 x 10’ 

2<^....329 18000 2154 47 1000 G-01 x 10'’ 


Mean value of = 5*99 X 10^^ absolute units. Value of 8 = 99-25. 

The seven values obtained for 8 give a mean value of -9965 X 10“^^ as 
the capacity of the mica-iDlate condenser when charged for one minute, and 
measured by a discharge through a galvanometer, on the needle of which it 
acts for about 5 seconds. If w^e reject the two observations made on Oct. 15, 
which were, indeed, only preliminary, and made with less care than all the 
others, we &d the average to be 0-9902 X 10“^^ and the approximation be- 
tween this mean and any single results is 0-42 per cent. It is therefore 
probable that a unit copied from this preliminary standard will not bo one 
per cent, wrong. 

A tenfold multiple (10 absolute ’’measure) of the condenser measured is 
a convenient magnitude as a practical unit of capacity for telegraphy ; thus 
the capacity of the Atlantic cable per knot thus measured is 0-3535. Assum- 
ing that the practical unit of electromotive force will be chosen as that mul- 
tiple which is most nearly equal to DanicU’s cell, ?. c. 10® electromagnetic 
units, then the capacity of the proposed practical unit is such that it contains 
with the unit E M E the same quantity of electricity as would be passed 
in one second through a circuit of the resistance of one Megohm. Thus 
10® E M E, acting on a circuit of 10^^, will pass in one second 10—® absolute 
units of quantity ; and similarly, 10® E M E will charge a condenser of ab- 
solute capacity equal to 10~^^ with 10“® absolute units of quantity. This 
practical series of units is that which, in the opinion of Mr. Latimer Clark 
and myself, is best adapted for practical use in telegraphy. Mr. Clark calls 
the unit of quantity thus defined* (10—®) one Earad, and similarly says that 
the unit of capacity has a capacity of one Earad, it being understood that this 
is the capacity when charged with unit electromotive force (10®). 
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V. Report on Electrometers and Electrostatic Measurements, 

By Sir Wm. Thomson, F.E.S, 

§ 1. An electromotor is an instrument for measuring differences of electric 
potential between two conductors through effects of electrostatic force, and is 
distinguished from the galvanometer, which, of whatever species, measures 
differences of electric potentials through electromagnetic effects of electric 
currents produced by them. When an electrometer merely indicates the 
existence of electric potential, without measuring its amount, it is commonly 
called an electroscope ; but the name electrometer is properly applied when 
greater or less degrees of difference arc indicated on any scale of reckoning, 
if approximately constant, even during a single series of experiments. The 
first step towards accurate electrometry in every case is to deduce from 
the scale-readings numbers which shall be in simple proportion to the dif- 
ference of potentials to be determined. The next and last step is to assign 
the corresponding values in absolute electrostatic measure. Thus, when for 
any electrometer the first step has been taken, it remains only to determine 
the single constant coefficient by which the numbers deduced from its indica- 
tions as simply proportional to differences of potential must be multiplied to 
give differences of potential in absolute electrostatic measure. This coefficient 
will be called, for brevity, the absolute coefficient of the instrument in questiom. 

§ 2. Thus, for example, the gold-leaf electrometer indicates differences of 
potential between the gold loaves and the solid walls enclosing the air-space 
ill which they move. If this solid be of other than sufficiently perfect con- 
ducting material, of wood and glass, or of metal and glass, for instance, as in 
the instrument ordinarily made, it is quite imperfect and indefinite in its 
indications, and is not worthy of being even called an electroscope, as it may 
exhibit a divergence when the difference of potentials which the operator 
desires to discover is absolutely zero. It is interesting to remark that 
Faraday first romodiod this defect by coating the interior of the glass case 
with tinfoil cut away to leave apertures proper and sufficient to allow indi- 
cations to be seen, but not enough to cause these indications to differ sensibly 
from what they would be if the conducting envelope were completely closed 
around it ; and that not till a long time after did any otlier naturalist, mathe- 
matician, or instrument-maker seem to have noticed the defect, or even to have 
unconsciously remedied it. 

§ 3. Electrometers may be classified in genera and species according to the 
shape and kinematic relations of their parts ; but as in plants and animals a 
perfect continuity of intermediate species has been imagined between the 
rudimentary plant and the most perfect animal, so in electrometers we may 
actually construct species having intermediate qualities continuous between 
the most widely different genera. But, notwithstanding, some such classifi- 
cation as the following is convenient with reference to the several instruments 
commonly in use and now to be described : — 

I. Repulsion electrometers. 

Pair of diverging straws as used by Beccaria, Volta, and others, last 
century. 

Pair of diverging gold leaves (Ben net). 

Peltier’s electrometer. 

Belmann’s electrometer. 

Old-station electrometer, described in lecture to the Royal Institu- 
tion, May 1860 ; also in MchoFs Cyclopedia, article “ Elec- 
tricity, Atmospheric” (edition 1860), and in Dr. Everett’s 
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paper of 1867, Atmospheric Electricity^^ (Philosophical 
Transactions). 

II. Symmetrical electrometers. 

Bohnenberger’s electrometer. 

Divided-ring electrometers. 

III. Attracted disk electrometers. 

Absolute electrometer. 

Long-range electrometer. 

Portable electrometer. 

Spring-standard electrometer. 

§ 4. Class I. is sufficiently illustrated by the examples referred to ; and it 
is not necessary to explain any of these instruments minutely at present, as 
they are, for the present at all events, superseded by the divided-ring elec- 
trometer and electrometers of the third class. 

There are at present only two known species of the second class ; but it is 
intended to include all electrometers in which a symmetiical held of electric 
force is constituted by two symmetrical fixed conductors at diflerent electric 
potentials, and in which the indication of the force is produced by means of 
an electrified body moveable symmetrically in cither direction from a middle 
position in this field. This definition is obviously fulfilled by Bohnenberger’s 
well-known instrument^. 

§5. My first published description of a divided- ring electrometer is to be 
found in the Memoirs of the Homan Academy of Sciences f about 1856 ; but 
since that time I have made groat improvements in the instrument — first, by 
applying a light mirror to indicate deflections of the moving body ; next, by 
substituting for two hah* rings four quadrants, and consequently for an 
electrified body projecting on one side only of the axis, an electrified body 
projecting symmetrically on the two sides, and moveable round an axis ; and 
lastly, by various mechanical improvements and by the addition of a simple 
gauge to test the electrification of the moveable body, and a rcplenisher to 
raise this electrification to any desired degree. 

§ 6. In the accompanying drawings, Plate Y. fig. 1 represents the front 
elevation of the instrument, of which the chief bulk consists of a jar of white 
glass (flint) supported on three legs by a brass mounting, cemented round the 
outside of its mouth, which is closed by a flat cover of stout sheet- brass, and 
a lantern-shaped cover standing over a wide aperture in its centre. For 
brevity, in what follows these three parts will be called the jar, the main 
cover, and the lantern, 

Eig. 5 represents the quadrants as seen from above ; they are seen in ele- 
vation at a and h, fig. 1, and in section at e and d, fig. 2. They consist of four 
quarters of a flat circular box of brass, with circular apertures in the centres 
of its top and bottom. Their position in the instrument is shown in figs. 
1, 2, k 6. Each of the four quadrants is supported on a glass stem passing 
downwards through a slot in the main cover of the jar, from a brass mount- 
ing on the outside of it, and admits of being drawn outwards for a space 
of about f of an inch (1 centim.) from the positions they occup}^ when the 
instrument is in use, which are approximately those shown in the drawings. 
Three of them are secured in their proper positions by nuts (e, e) on the out- 
side of the chief flat lid of the jar shown in fig. 4. The upper end of the stem, 
carrying the fourth, is attached to a brass piece (/) resting on three short legs 

^ A single gold leaf hanging between the upper ends of two equal and similar dry piles 
standing vertieally on a horizontal plate of metal, one with its positive and the other with 
Its negative pole up. t Aooedemia Pontifleia dei Nuovi Lincei. 
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on the upper side of the main cover, two of these legs being guided hj a 
straight Y-groove at ^ to give them freedom to move in a straight line in- 
wards or outwards, and to prevent any other motion. This brass piece is 
pressed outwards and downwards by a properly arranged spring (A), and is 
kept from sliding out by a micrometer-screw (i) turning in a fixed nut. This 
simple kinematic arrangement gives great steadiness to the fourth quadrant 
when the screw is turned inwards or outwards, and then left in any position ; 
and at the same time produces but little friction against the sliding in either 
direction. The opposite quadrants are connected in two pairs by wires, as 
shown in fig. 5 ; and two stout vortical wires (I, m), called the chief electrodes 
passing through holes in the roof of the lantern, are firmly supported by long 
perforated vulcanite columns passing through those holes which servo to 
connect the pairs of quadrants with the external conductors whose difference 
of potentials is to bo tested. Springs {n, o) at the lower ends of these columns, 
shown in figs. 1 & 2, maintain metallic contact between the chief electrodes 
and the upper sides of two contiguous quadrants {ct cb I)) when the lantern is set 
down in its proper position, but allow the lantern to be removed, carrying the 
chief electrodes with it, and to be replaced at pleasure without disturbing the 
quadrants. The lantern also carries an insulated charging-rod (p), or tem- 
porary electrode, for charging the inner coating of the jar (§ 11) to a small 
degree, to be increased by the replenisher (§ 12), or, it may be, for making 
special experiments in which the potential of the interior coating of the jar 
is to be measured by a separate electrometer, or kept at any stated amount 
from that of the outer coating. When not in use this temporary electrode is 
secured in a position in which it is disconnected from the inner coating. 

§ 7. The main cover supports a glass column (^, fig. 2) projecting vertically 
upwards through its central aperture, to the upper end of which is attached a 
brass piece (r), which bears above it a fixed attracting disk (.s), to be described 
later (§ 13) ; and projecting down from it a fixed plate bearing the silk-fibre 
suspension of the mirror (^), needle (t^), &c., seen in figs. 1 & 2, and fixed guard 
tubes (v^ w), to be described presently. 

§ 8. The moveable conductor of the instrument consists of a stiff platinum 
wire (a?), about 8 centimetres (3J inches) long, with the needle rigidly attached 
in a perpendicular plane to it, and connected with sulphuric acid in the 
bottom of the jar by a fine platinum wire hung down from its lower end and 
kept stretched by a platinum weight under the level of the liquid. The 
upper end of the stiff platinum wire is supported by a single silk-fibre so that 
it hangs down vertically. The mirror is attached to it just below its upper 
end. Thus the mirror, the needle, and the stiff platinum stem constitute a 
rigid body having very perfect freedom to move round a vertical axis (the 
line of the bearing fibre), and yet practically prevented from any other 
motion in the regular use of the instrument by the weight of its own mass 
and that of the loose piece of platinum hanging from it below the surface of 
the liquid in the jar. A very small magnet is attached to the needle, which, 
by strong magnets fixed outside the jar, is directed to one position, about 
which it oscillates after it is turned through any angle round the vertical 
axis, and then left to itself. The external magnets are so placed that when 
there is magnetic equilibrium the needle is in the symmetrical position shown 
in figs. 5 0 with reference to the quadrants 

§ 9, The needle (u) is of very thin sheet aluminium cut to the shape seen in 
figs. 5 & 6 ; the very thinnest sheet aluminium that gives the requisite stiff-* 

* Recently I have made experiments on a bifilar suspension with a vi^W tq eupejfeding 
the magnetic adjustment, which promise well. ^ 
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ness being chosen. If the four quadrants are in a perfectly symmetrical 
position round it, and if they are kept at one electric potential by a metallic 
arc connecting the chief electrodes outside, the needle may be strongly 
electrified without being disturbed from its position of magnetic equilibrium ; 
but if it is electrified, and if the external electrodes be disconnected, and any 
difibrence of potentials established between them, the needle will clearly ex- 
perience a couple turning it round its vertical axis, its two ends being driven 
from the positive quadrants towards the negative, if it is itself positively 
electrified. It is kept positive rather than negative in the ordinary use of 
the instrument, because I find that when a conductor with sharp edges or 
points is surrounded by another presenting everywhere a smooth surface, a 
much greater difibrence of potentials can be established between them, with- 
out producing disruptive discharge, if the points and edges are positive than 
if they are negative. 

§ 10. The mirror (t) servos to indicate, by reflecting a ray of light from a 
lamp, small angular motions of the needle round the vertical axis. It is a very 
Hglit, concave, silvered glass mirror, being of only 8 millimetres (j of an inch) 
diameter, and 22 milligrammes grain) weight. 1 had for many years ex- 
perienced great difficulty in getting suitable mirrors for my form of mirror 
galvanometer; but they are now supplied in very great perfection by Mr. 
Becker, of Messrs. Elliott Brothers, London. The focus for parallel rays is 
about 50 centimetres (20 inches) from the mirror, and thus the rays of the 
lamp placed at a distance of 1 metre (or 40 inches) arc brought to a focus at 
the same distance. The lamp is usually placed close behind the vortical 
screen a little below or above the normal line of the mirror, and the image 
IS thrown on a graduated scale extending horizontally above or below the 
aperture in the screen through which the lamp sends its light. When the 
mirror is at its magnetic zero 2 )osition the lamp is so placed that its image is, 
as nearly as may be, in a vertical plane with itself, and not more than an 
inch above or below its level, so that there is as little obliquity as possible 
in the reflection, and the line traversed by the image on the screen during the 
deflection is, as nearly as may be, straight. The distance of the lamp and 
screen from the mirror is adjusted so as to give as perfect an image as possi- 
ble of a fine wire which is stretched vertically in the ifiane of the screen 
across the aperture through which the lamj) shines on the mirror ; and with 
Mr. Becker’s mirrors I find it easy to read the horizontal motions of the dark 
image to an accuracy of the tenth of a millimetre. In the ordinary use of 
the instrument a white paper screen, printed from a copper-plate, is employed, 
and the readings are commonly taken to about a quarter of a scale- division ; 
but with a little practice they may, wh^'n so much accuracy is desired, be 
read with considerable accuracy to the tenth of a scale-division. Eormerly 
a slit in front of the lamp was used, but the wire giving a dark line in the 
middle of the image of the flame is a very great improvement, first intro- 
duced by Dr. Everett in consequence of a suggestion made by Professor P. G. 
Tait, in his experiments on the elasticity of solids made in the Natural- 
Philosophy Laboratory of Glasgow University^'. 

§ 11. The charge of the needle remains sensibly constant from hour to 
hour, and even from day to day, in virtue of the arrangement, according to 
which It is kept in communication with sulphuric acid in the bottom of the 

* A Drummond light placed about 70 centimetres from the mirror gives an image, on 
a screen about 3 metres distance, brilliant enough for lecture-illustrations, and with suffi- 
cient definition to allow accurate readings of the positions on a scale marked by the image 
of a fine vertical wire in front of the light. 
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jar, the outside of the jar being coated with tinfoil and connected with the 
earth, so that it is in reality a Leyden jar. The whole outside of the jar, 
even where not coated with tinfoil, is in the ordinary use of the instrument, 
especially in our moist climate, kept virtually at one potential through con- 
duction along its surface. This potential is generally, by connecting wires 
or metal pieces, kept the same as that of the brass legs and framework of 
the instrument. To prevent disturbance in case of strongly electrified bodies 
being brought into the neighbourhood of the instrument, a wire is either 
wrapped round the jar from top to bottom, or a cage or network of wire, or any 
convenient metal case, is placed round it ; but this ought to be easily removed 
or opened at any time to admit of the interior being seen. When the instru- 
ment is left to itself from day to day in ordinary use, the needle, connected 
with the inner coating of the jar as just described, loses, of course, unless 
replenished, something of its charge ; but not in general more than ^ per 
cent, per day, when the jar is of flint glass made in Glasgow. On trying 
similar jars of green glass I found that they lost their charge more rapidly 
per hour than the white glass jars per month. I have occasionally, but very 
rarely, found white glass jars to be as defective as those green ones, and it is 
possible that the defect I found in the green jars was an accident to the jars 
tested, and not an essential property of that kind of glass. 

§ 12. I have recently made the very useful addition of a replenisher to 
restore electricity to the jar from time to time when required. It consists of 
(1) a turning vertical shaft of vulcanite bearing two metal pieces called carriers 
(6, h, figs. 17 & 18) ; (2) two springs {d, d, figs. 16 & 18, Plate Y.), connected 
by a metallic arc, making contact on the carriers once every half turn of the 
shaft, and therefore called connectors ; and (3) two inductors (a, a) with re- 
ceiving springs (c, c) attached to them, which make contact on the carriers 
once every half turn, shortly before the connecting contacts are made. The 
inductors (a a, figs. 16 & 18) are pieces of sheet metal bent into circular cylin- 
drical shapes of about 120° each ; they are placed so as to deviate in the man- 
ner shown in the drawing from parts of a cylindrical surface coaxal with the 
turning-shaft, leaving gaps of about 60° on each side. The diameter of this 
cylindrical surface is about 15 millimetres (about | an inch). The carriers 
(b h, figs. 17 18) are also of sheet metal bent to cylindrical surfaces, but not 

exactly circular cylinders ; and arc so placed on the bearing vulcanite shaft 
that each is rubbed by the contact springs over a very short space, about 1 
millimetre beyond its foremost edge, Avhen turned in the proper direction for 
replenishing. The receiving springs (r, r, figs. 17 & 18) make their contacts 
with each carrier immediately after it has got fairly under cover, as it were, 
of the inductor. Each carrier subtends an angle of about 60° at the axis 
of the turning -shaft. The connecting contacts are completed just before the 
carriers commence emerging from being under cover of the inductors. The 
carriers may be said to be under cover of the inductors when they are within 
an angle of 120° on each side of the axis subtended by the inductors. One 
of the inductors is in metallic communication with the outside coating of the 
jar, the other with the inside. Eigs. 16, 17, & 18 illustrate sufficiently 
the shape of carriers and the succession of the contacts. The arrow-head 
indicates the direction to turn for replenishing. When it is desired to dimi- 
nish the charge, the replenisher is turned backwards. A small charge having 
been given to the jar from an independent source, the replenisher when 
turned forwards increases the difference of potentials between the two 
inductors and the two coatings of the jar connected with them by a constant 
percentage per half turn, unless it is raised to so high a degree as to break 
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clown the air-insulation by disruptive discharge. The electric action is 
explained simply thus: — ^l%e carriers, when connected by the connecting 
springs, re<?eive opposite charges by induction, of which they deposit large 
proportions the next time they touch receiving springs. Thus, for example, 
if the jar be charged positively, the carrier emerging from the inductor 
connected with the inner coating carries a negative charge round to the 
receiving spring connected with the outside coating, while the other carrier, 
emerging from the inductor connected with the outside coating, carries 
a positive charge round to the receiving spring connected "with the inside 
coating. If the carriers arc not sufficiently well under cover of the inductors 
during both the receiving contacts and the connecting contacts to render the 
charges which they acquire by induction during the connecting contacts 
greater than that which they carry away with them from the receiving con- 
tacts, the rotation, even in the i)ropcr direction for replenishing, does not 
increase, but, on the contrary, diminishes the charge of the jar. The de- 
viations of the inductors from the circular cylinder referred to above have 
been adopted to give greater security against this failure. A steel pivot 
fixed to the top of the vulcanite shaft, and passing through the main cover, 
carries a small milled head (y, fig. 1 ) above, on the outside, which is spun 
rapidly round in cither direction by pressing the finger on it, and thus in 
less than a minute a small charge in the jar may be doubled. The dimi- 
nution of the charge, when the instrument is left to itself for twenty-four 
hours, is sometimes imperceptible ; but when any loss is discovered to have 
taken place, even if to the extent of 10 per cent., a few moments use of the 
replcnisher suffices to restore it, and to adjust it with minute accuracy to the 
required degree bj" aid of the guage to be described presently. The principle 
of the replenisher ’’ is identical with that of the “ doubler’’ of Bennet. In 
the essentials of its constmetion it is the same as Yarley’s improved form of 
Nicholson’s revolving doubler.” 

§ 13. The gauge consists of an electrometer of Class III. The moveable 
attracted disk is a square jDortion of a jnece of very thin sheet aluminium of 
the shape shown at a? in fig. 4. It is supported on a stretched platinum wire 
passing through two holes in the sheet, and over a very small projecting 
ridge of bent sheet aluminium placed in the manner shown in the magnified 
drawing, fig. 3. The ends of this wire are passed through holes in curved 
springs, shown in fig. 4, and are bent round them so as to give a secure 
attachment without solder, and without touching the straight stretched part 
of the wire. The ends of the platinum wire (/3, j3) are attached by cement to 
the springs, merely to prevent them from becoming loose, care being taken 
that the cement does not prevent metallic contact between some part of the 
aluminium wire and one or both of the brass springs. I have constantly 
found fine platinum wire rendered brittle by ordinary solder applied to 
it. The use of these springs is to keep the platinum wire stretched with 
an approximately constant tension, from year to year and at various tempera- 
tures. Their fixed ends are attached to round pins, which are held with their 
axes in a line with the fibre by friction, in bearings forming parts of two ad- 
justable brass pieces (y, y) indicated in fig. 4 ; these pieces are adjusted once 
for all to stretch the wire with sufficient force, and to keep the square attracted 
disk in its proper position. The round pins bearing the stretching springs arc 
turned through very small angles by pressing on the projecting springs with 
the finger. They are set so as to give a proper amount of torsion tending to 
tilt the attracted disk (a) upwards, and the long end of the aluminium lever (^), 
of which it forms a part, downwards. The downward motion of the long end 
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is limited by a properly placed stop. Another stop (e) above limits the upward 
motion, which takes place under the influence of electiification in the use of 
the instrument. A very fine opake black hair (that of a small bl®ck-and-tan 
terrier I have found much superior to any hitherto tried) is stretched across 
the forked portion of the sheet aluminium in which the long arm of the lever 
terminates. Looked at horizontally from the outside of the instrument it is 
seen, as shown in fig. 7, Plate Y., against a white background, marked with two 
very fine black circles. These sight-plates in the instruments, as now made by 
Mr. White, are of the same material as the ordinary enamel watch-dials, with 
black figures on a white groimd. The white space between the two circles 
should be a very little less than the breadth of the hair. The sight-plate is 
set to be as near the hair as it can be without impeding its motion in any 
part of its range ; and it is slightly convex forwaids, and is so placed that 
the hair is nearer to it when in the middle between the black circles than 
when in any other part of its range. It is thus made very easy, even with- 
out optical aid, to avoid any considerable error of parallax in estimating the 
position of the hair relatively to the two black circles. By a simple plano- 
convex lens (0, fig. 2), with the convex side turned inwards, it is easy, in 
the ordinary use of the instrument, to distinguish a motion up or down of 
the hair amounting to of an inch. With a little care I have ascertained, 
Dr. Joule assisting, that a motion of no more than of an inch from one 
definite central position can be securely tested without the aid of other 
magnifying -power than that given by the simple lens. The lens during use 
is in a fixed position relatively to the framework bearing the needle, but it 
may be drawn out or pushed in to suit the focus of each observer. To give 
great magnification, it ought to be drawn out so far that the hair and sight- 
plate behind may be but little nearer to the lens than its principal focus, 
and the observer’s eye ought to be at a very considerable distance from the 
instrument, no less than 20 centimetres (8 inches) to get good magnification ; 
and a short-sighted person should use his ordinary concave eye-lens close to 
his eye. The reason for turning the convexity of the small plano-convex lens 
inwards is, that if the eye of the observer is too high or too low, the hair 
seems to him curved upwards or dowmwards, and he is thus guided to keep his 
eye on a level sufficiently constant to do away with all sensible effects of parallax 
on the position of the hair relatively to the black circles. The framework 
carrying the stretched platinum wire and moveable attracted disk is above the 
brass roof of the lantern, in which a square aperture is cut to allow the square 
portion constituting the short arm of the aluminium balance to be attracted 
downwards by the fixed attracting disk (§ 7), to be presently described. 
A side view of the attracting plate, the brass roof of the lantern, the alu- 
minium balance, the sight-plate, the hair, and the plano-convex lens is 
shown in section (fig. 2), also a glass upper roof to protect the gauge and the 
interior of the instrument below from dust and disturbance by currents of 
air, to which, without this upper roof, it w^ould bo exposed, through the small 
vacant space round the moveable aluminium square. The fixed attracting 
disk is borne by a vcitieal screw screwing into the upper brass mounting 
(Zy fig. 2) (§ 7), connected with the inner coating of the Leyden jar, through 
the guard tubes, &c., and is secured in any position by the “ jam nut,” shown 
in the drawings at z, fig. 2. This disk (s) is circular, and about 38 millimetres 
(1 J inch) diameter, and it is placed horizontally with its centre under the 
centre of the square aperture in the roof of the lantern. Its distance 
from the lower suiface of the roof and of the moveable attracted disk may 
bo from 2^ to 5 millimetres (from to.-J- of an inch), and is to be adjusted, 
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along with the amount of torsion in the platinum wire bearing the aluminium 
balance-arm, so as to give the proper sensibility to the gauge. The sensibility 
is increased* by diminishing the distance from the attracting to the attracted 
plate, and increasing the amount of torsion. Or, again, the degree of the 
potential indicated by it when the hair is in the sighted position is increased 
by increasing the distance between the plates, or by diminishing the amount 
of torsion. If the electrification of the needle is too great, its proper position 
of equilibrium becomes unstable ; or before this there is sometimes a liability 
to discharge by a spark across some of the air-spaces. The instrument works 
extremely well with the needle charged but little less than to give rise to one 
or both of these faults, and I adjust the gauge accordingly. 

§ 14. The strength of the fixed steel- directing magnets is to be adjusted to 
give the desired amount of deflection with any stated difference of potentials 
maintained between the two chief electrodes, when the jar is charged to the 
degree which brings the hair of the gauge to its sighted position. In the 
instruments already made, the deflection^ by a single cell of DanielFs amounts 
to about 100 scale-divisions (of of an inch each at a distance of 40 inches), 
when the magnetic directive force is such ‘as to give a period of vibration 
equal to about 1*5 second. When the jar is discharged and the four 
quadrants are connected with one another and with the inner coating of the 
jar, lower degrees of sensibility may be attained better by increasing the 
magnetic directing -force than by diminishing the charge of the jar. Thus, 
for instance, when it is to be used for measuring and photographically re- 
cording the potential of atmospheric electricity at the point where the stream 
of the water-dropping collector t breaks into drops, the magnetic directing- 
force may be made from 10 to 100 times more than that just described. 
When this is to be done it may be convenient to attach a somewhat more 
powerful magnetic needle than that which has been made in the most recent 
instruments where a high degree of sensibility is desired. But it is to be re- 
marked that in general the directing-force of the external steel magnets 
cannot be too strong, as the stronger it is the less is the disturbance produced 
by changing magnetic bodies in the neighbourhood of the instrument. In 
laboratory work, where numerous magnetic experiments are being performed 
in the immediate neighbourhood, and in telegraph factories where there is 
constant disturbance by large moving masses of iron, the artificial magnetic 
field of the electrometer ought to be made very strong. To allow this, and 
yet leave sufficient sensibility to the instrument, the suspended magnetic 
needle has been made smaller and smaller, until it is now reduced to two 
small pieces of steel side by side, 6 millimetres (x of inch) long. For a 
meteorological observatory all that is necessary is, that the directing magnetic 
force should be so great that the greatest disturbance experienced in mag- 
netic storms shall not sensibly deflect the luminous image J. 

§ 15. The sensibility of the gauge should be so adjusted that a variation 
in the charge of the jar, producing an easily perceived change in the position 
of the hair, shall produce no sensible change in the deflection of the luminous 
image produced by the greatest difference of potentials between the qua- 
drants, which is to be measured in the use of the instrument. I believe the 

That is to say, the number of scale-divisions over which the luminous image moves 
when the chief electrodes are disconnected from one another and put in metallic connexion 
with the two plates of a DanielPs batter 3 ^ 

t See Royal Institution Lecture, May 18, 1860 (Prococding'3 of the R. I.), or Nichol’s 
Cyclopedia, article “Electricity, Atmospheric.” (Edition 1860.) 

All embarrassment from this source will be done away with if the bifilar plan be 
adopted (vide footnote to § 8). 
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iHBlrameDts already made, when adjusted to fulfil these conditions, may be 
trusted to measure the difference of potentials produced by a single cell of 
Danielles to an accuracy of a quarter per cent. It must be remembered that 
the constancy of value of the unit of each instrument depends not only on 
the constancy of the potential indicated by the gauge, but also on the con- 
stancy of the force in the field traversed by the suspended needle. As both 
these may be expected to decrease gradually from year to year (although very 
slowly after the first few houro or weeks), rigorous methods must be adopted 
to take such variations into account, if the instrument is to be trusted to as 
giving accurately comparable indications at all times. The only method 
hitherto provided for this most important object consists in the observation 
of the defiection produced by a measured motion of one of the quadrants by 
the micrometer- screw {i) when the four quadrants are put in metallic com- 
munication with one another through the principal electrodes — the force 
producing this deflection when the potential of the jar is constant ; and there- 
fore, the jar being brought to one constant potential by aid of the gauge, the 
amount of the deflection will show whether or not the force of the magnetic 
field has changed, and will render it easy at any time to adjust the strength 
of the magnets, if necessary, to secure this constancy. But to attain this ob- 
ject by these means, the three quadrants not moved by the micrometer-screw 
must be clamped by their fixing-screws so that they may be always in the 
same position. 

§ 16, The absolute constancy of the gauge cannot be altogether relied upon. 
It certainly changes to a sensible degree with temperature, and to very dif- 
ferent degrees, and even in different directions, as will be seen (§ 32) in con- 
nexion with the description of the portable electrometer to be given later. 
But this temperature variation does not amount in ordinary cases probably 
to as much as one per cent. ; and it is probable that after a year or two any 
further secular variation of the platinum torsion spring will bo quite insen- 
sible. It 18 to be remarked, however, that secular experiments on the elas- 
ticity of metals are wanting, and ought at least to be commenced in our 
generation. In the meantime it will be desirable, both on account of the 
temperature variation and of the possible secular variation in the couple of 
torsion, to check the gauge by accurate measurements of the time of oscilla- 
tion of the needle with its appurtenances. The moment of inertia of this 
rigid body, except in so far as it may be influenced by oxidation of the metal, 
of which I have as yet discovered no signs, may bo regarded as constant, 
and therefore the amount of the directing couple due to the magnets may be 
determined with great accuracy by finding the period of an oscillation when 
the four quadrants are put in connexion through the charging rod with the 
metal mounting bearing the guard plates, &c. I have not as yet put into 
practice any of the obvious methods, founded on the general principle of 
coincidences used in pendulum observations, for determining the period of the 
oscillation ; but although not more than twenty or thirty oscillations can be 
counted, it seems certain that with a little trouble the period of one of them 
may be determined without much trouble to an accuracy of about 


Absolute Elecieometee. 


§ 17. The absolute electrometer (fig. II, Plate YI.) and the other instru- 
ments of Class III. are founded on a method of experimenting introduced by 
Sir Wm. Snow Harris, and described in his first paper On the Elementary 
Laws of Electricity^’**^ thirty-four years ago. In these experiments a con- 
* Philosophical Transactions, 1834. 
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ductor, hung from one arm of a balance and kept in metallic communication 
with the earth, is attracted by a fixed insulated conductor, which is electrified, 
and, for the sake of keeping its electric potential constant, is connected with 
the inner coating of a Leyden battery. The first result which he announced 
is, that, when other circumstances remain the same, the attraction varies with 
the square of the quantity of electricity with which the insulated body is 
charged ; but it is readily seen that, in the case of Mr. Harris’s experi- 
“ ments, it will be so slight on the unopposed portions that it could not be 
“ perceived without experiments of a very refined nature, such as might 
be made by the proof plane of Coulomb, which is, in fact, with a slight 
‘‘ modification, the instrument employed by Mr. Faraday in the investigation. 
IN’ow to the degree of approximation to which the intensity on the unop- 
posed parts may be neglected, the laws observed by Mr. Harris when the 
opposed surfaces are plane may be readily deduced from the mathematical 
theory. Thus let v be the potential in the interior of A, the charged body, 
a quantity which will depend solely on the state of the interior coating 
of the battery with which, in Mr. Harris’s experiments, A is connected, 
and will therefore be sensibly constant for difiercnt positions of A relative 
to the uninsulated opposed body B. Lot a be the distance between the 
plane opposed faces of A and B, and let S be the area of the opposed parts 
“ of these faces, which will in general be the area of the smaller, if they be- 
“ unequal. When the distance a is so small that we may entirely neglect 
the intensity on all the unopposed parts of the bodies, it is readily shown, 
from the mathematical theory, that (since the difference of the potentials at 
the surfaces of A and B is v) the intensity of the electricity produced by 
‘‘ induction at any point of the portion of the surface of B which is opposed 

to A is — , the intensity at any point which is not so situated being 
47ra 

‘‘ insensible. Hence the attraction on any small element w, of the portion S 
of the surface of B, will be in a direction j)erpendicular to the plane and 

equal to Hence the whole attraction on B is 


This formula expresses all the laws stated by Mr. Harris as results of his 
“ experiments in the case when the opposed surfaces are plane ” f. 

§ 18. After many trials to make an absolute electrometer founded on the 
repulsion between two electrified spherical conductors for which I had given 
a convenient mathematical formula in § 4 of the paper just quoted, it occurred 
to me to take advantage of the fact noticed by Harris, but easily seen as an 
immediate consequence of Green’s mathematical theoiy, that the mutual 
attraction between two conductors used as in his experiments is but little 
influenced by the form of the unopposed parts ; and in 1853, in a paper On 
transient Electric Currents ” J , I described a method for measuring differences 
of electric potential in absolute electrostatic measure founded on that idea. 
The absolute electrometer,” which I exhibited to the British Association at 
its Glasgow Meeting in 1855, was constructed for the purpose of putting 
these methods in practice. This instrument consists of a plane metal disk 
insulated in a fixed horizontal position with a somewhat smaller fixed metal 

* See Mathematical Journal, vol. iii. p. 275. 

t ‘‘On the Elementary Laws of Statical Electricity,” Cambridge and Dublin Mathema- 
tical Journal, 1840; and Phil. Mag. July 1854. J Phil. Mag. June 1853. 



ON STANDARDS OF ELECTRICAL RESISTANCE. 


499 


disk hung centrally over it, from one end of the beam of a balance. In two 
papers entitled ** Measurement of Electostatic Eorco produced by a Battery 
and Measurement of the Electromotive Force required to produce a spark in 
Air between parallel metal plates at different distances,” published in the Pro- 
ceedi^s of the Eoyal Society* for February 1860, I described applications 
of this electrometer, in which, for the first time I believe, absolute electro- 
static measurements were made. The calculations of differences of potentials 
in absolute measure were made according to the formula quoted above (§ 17) 
from my old paper on The Elementary Laws of Statical Electricity.” 

§ 19. This formula is rigorous only if the distance between the disks is 
infinitely small in comparison with their diameters ; and therefore, in my 
earliest attempt to make absolute electrostatic measurements, I used very 
small distances. I found great difficulty in securing that the distance should 
be nearly enough equal between different parts of the plates, and in measu- 
ring its absolute amount with sufiicient accuracy ; and found besides serious 
inconveniences in respect of sensibility and electric range : later I made a 
great improvement in the instrument by making only a small central area 
of one of the disks moveable. Thus the electric part of the instrument 
becomes two large parallel plates with a circular aperture in one of them, 
nearly filled up by a light circular disk supported properly to admit of its 
electrical attraction towards the other being accurately measured in absolute 
units of force. The disk and the perforated plate surrounding it will be 
called, for brevity, the disk and the guard-plate. The faces of these two 
next the other plate must be as nearly as possible in one plane when the 
disk is precisely in the position for measuring its electric force, which, for 
brevity, will be called its sighted position. The space between the disk and 
the inner edge of its guard-ring must be a very small part of the diameter 
of the aperture, and must be very small in comparison with the distance 
between the plates ; but the diameter of the disk may be greater than, equal 
to, or less than the distance between the plates. 

§ 20. Mathematical theory shows that the electric attraction experienced 
by the disk is the same as that experienced by a certain part of one of two 
infinite planes at the same distance, with the same difference of electric 
potential, this area being very approximately the mean between the area 
of the aperture and the area of the disk, and that the approximation is very 
good, even although the distance between the plates be as much as a fourth or 
fifth, and the diameter of the disk as much as three-fourths of the diameter of 
the smaller of the two plates. This conclusion will be readily assented to 
when we consider tliatf the resultant electric force at any point in the air 
between the two plates is equal numerically to the rate of conduction of 
heat per unit area across the corresponding space in the following thermal 
analogue. Let a solid of uniform thermal conductivity replace all the air 
between and round the plates ; and in place of the plates let there be hollow 
spaces in this solid. Let these hollow spaces be kept at two uniform tempe- 
ratures, differing by a number of degrees equal numerically to the differ- 
ence of potentials in the electric system, the space corresponding to the 
disk and guard-ring being at one temperature, and that corresponding to the 
opposite plate at the other temperature ; and let the thermal conductivity of 
the solid be unity. If we attempt to draw the isothermal surfaces between 

* Phil. Mag. September and October 1860. 

t “ On the Uniform Conduction of Heat through Sohd Bodies, and its connexion with 
the Mathematical Theory of Electricity,” Cambridge Mathematical Journal, Feb. 1842, 
and Phil. Mag. July 1854. 
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the hollow corresponding to the continuous plate on the one side, and that 
corresponding to the disk and guard-ring on the other side^ we see immediately 
that they must be very nearly plane, from very near the disk all the way 
across to the corresponding central portion of the opposite plate, but that 
there will be a convexity towards the annular space between the disk and 
guard-ring. 

§ 21. Thus we see that the resultant electric force will, to a very close 
approximation, be equal to ^ for all points of the air between the plates at 

distances from the outer bounding edges exceeding two or three times the 
distance between the plates, and at distances from the interstice between the 
guard-ring and disk any less than the breadth of this interstice. Hence if p 
denote the electric density of any point of the plate or disk far enough from 
the edges, we have 

V 

^ 4,rD' 

But the outward force experienced by the surface of the electrified conduc- 
tor per unit of area at any point is 27rj0^, a^id therefore if F denote the force 
experienced by any area A of the fixed plate, any part of which comes near 
its edge, we have 


which will clearly be equal to the attraction experienced by the moveable 
disk, if A be the mean area defined above. This gives Y=D the 

formula by which difference of potentials in absolute electrostatic measure 
is calculated from the result of a measurement of the force F, which, it must 
be remembered, is to be expressed in kinetic units. Thus if W be the mass 
in grammes to which the weight is equal, we have 

F=r/W, 

where ^ is the force of gravity in centimetres per second. 

The difficulty which, in first aj)plying this method about twelve years ago, 
I found in measuring accurately the distance D between the plates and in 
avoiding error from their not being rigorously parallel, I now elude by 
measuring only differences of distance, and deducing the desired results from 
the difPerence of the corresponding differences of potentials. Thus let Y' be 
the difference of potentials between the plates required to give the same force 
F ; when the difference of potentials is Y' instead of Y, we have 

§ 22. The plan of proceeding which I now use is as follows : — ^Each plate 
(fig. 11, Plate YI.) is insulated ; one of them, the continuous one, for instance, 
is kept at a potential differing from the esirth by a fixed amount tested by aid 
of a separate idiostatic * electrometer ; the other plate (the guard-ring and 
moveable disk in metallic communication with one another) is alternately 
connected with the earth and with the body whose potential is to be 
measured. The lower plate is moved up or down by a micrometer-screw 
until the moveable disk balances in a definite position, indicated by the hair 
(with background of white with black dots) seen through a lens, as shown in 
fig. 11. Before and after commencing each series of electrical experiments, 

* See § 40 belov . 
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the amount of weight to be placed on the upper side of the disk to bring the 
hair to its sighted position when there is no electric force is determined. 
This last condition is secured by putting the two plates in metallic commu- 
nication with one another. For the electric experiments the weight is 
removed, so that when the hair is in the sighted position the electric attraction 
on the moveable disk is equal to the force of gravity on the weight. The 
electric connexions suitable in using this instrument for determining in 
absolute electrostatic measure the difference of potentials maintained by 
a galvanic battery between its two electrodes are indicated in fig. 11. 
l^’o details as to the case for preventing disturbance by currents of air, and 
for maintaining a dry atmosphere, by aid of pumice impregnated with strong 
sulphuric acid, arc shown, because they are by no means convenient in the 
instrument at present in use, which has undergone so many transformations 
that scarcely any part of the original structure remains. I hope soon to 
construct a compact instrument convenient for general use. The amount of 
force which is constant in each series of experiments may be varied from one 
series to another by changing the position of a small wire rider on the lever 
from which the moveable disk is hung. 

The electric system here described is heterostatic (§40 below), there being 
an independent electrification besides that whose dijBference of potential is to 
be measured. 


PoRTADLE Electrometer. 

§ 23. In the ordinary use of the portable electrometer (figs. 8, 9, & 10, 
Plate yi.)j the electric system is heterostatic and quite similar to that of the 
absolute electrometer, when used in the manner described above in § 22. 
But the balance is not adapted for absolute measure of the amount of force 
of attraction experienced by the moveable disk ; on the contrary, it is pre- 
cisely the same as that described for the gauge of the quadrant electrometer 
in § 13 above, only turned upside down. Thus, in the portable instrument, 
the square disk (/) forming part of the lever of thin sheet aluminium is 
attracted upwards hj a solid circular disk of sheet-brass (g), thick enough 
for stiffness. Every part of the aluminium lever except this square portion 
is protected from electric attraction by a fixed brass plate {h h) with a square 
hole in it, as nearly as may be stopped by the square part of the sheet 
aluminium destined to experience the electric attraction, all other parts of 
the aluminium balance-lever being below this guard-plate. The aluminium 
lever (IJc), as shown in figs. 8 & 10, is shaped so that when the hair (Z) at 
the long end of its lever is in its sighted position, the upper surfaces of the 
fixed guard-plate (h) and moveable aluminium square (/) are as nearly as 
may be in one plane. The mode of suspension is precisely the same as that 
described (§ 13) for the gauge of the quadrant electrometer. In the portable 
instrument, careful attention is given by the maker to balance the aluminium 
lever by adding to it small masses of shellac or other convenient substance, 
so that its centre of gravity may be in the line of its platinum-wire axis, 
or, more properly speaking, in such a position that the instrument shall ^ve, 
when electrified, the same earth-readings ” when held in any positions, 
either upright, or inclined, or inverted (§ 30 below). Thus the condition of 
equilibrium of the balance, when the hair is in its sighted position, is that 
the moment of electric attraction round the axis of suspension shall be equal 
to the moment of the couple of torsion, the latter being as constant as the 
properties of the matter concerned (platinum wire, brass stretching-springs, 
&c.) will allow. 
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§ 24. The guard-plate carrying, by the platinum -wire suspension, the alu- 
minium balance, is attached to the bottom of a small glass Leyden jar (m m), 
and is in permanent metallic communication with its inside coating of tinfoil. 
The outside tinfoil-coating of this jar is in permanent metallic communication 
with the outside brass -protecting case. The upper open mouth of this case 
is closed by a lid or roof, which bears on its underside a firm frame projecting 
downwards. This frame has two Y notches, in which a stout brass tube (o) 
slides, kept in the Ys by a properly placed spring ( jp), giving it freedom to slide 
up and down in one definite line*. Lirmly fixed in the upper end of this tube 
is a nut {a, fig. 8), which is caused to move up and down by a micrometer- 
screw. The lower end of the shaft of this screw has attached to it a convex 
piece of polished steel {h, fig. 8), which is pressed upon a horizontal agate- 
plate rigidly attached to the framework above mentioned by a stiff brass piece 
projecting into the interior of the brass tube through a slot long enough to 
allow the requisite range of motion. This arrangement will be readily under- 
stood from the accompanying drawings. It has been designed upon obvious geo- 
metrical principles, which have been liithcrto neglected, so far as I know, in all 
micrometer-screw mechanisms, whether for astronomical instruments or other 
purposes. The screw-shaft is turned by a milled head, fixed to it at its top 
outside the roof of the instrument, and the angles through wdiicli it is turned 
are read on a circle divided into 100 equal parts of the circumference (or 3°*G 
each) from a fixed mark on the roof of the instrument. The hole in the roof 
through which the screw-shaft passes is wide enough to allow the shaft to 
turn without touching it, and the lower edge of the graduated circle turning 
with the screw is everywhere very near the upper side of the roof, but must 
not touch it at any point. A second nut (c, fig. 8) above the effective nut fits 
easily, but somewhat accurately, in the hollow brass tube, but is prevented 
from turning round in the tube by a proper j)rojection and slot. Thus the 
screw is rendered sufficiently steady, with reference to the sliding-tube ; that 
is to say, it is prevented from any but excessively small rotations round axis 
perpendicular to the length of the screw-shaft ; and when the nut is kept 
from being turned round its proper axis, it fonns along with the sliding- tube 
virtually a rigid body. A canTully arranged spiral spring presses the two 
nuts asunder, and so causes the upporsides of the thread of the screw-shaft 
always to press against the underside of the thread of the effective nut, 
thus doing away with 'what is technically called in mechanics lost time.” 
In turning the micrometcr-screw, the operator presses its head gently down- 
wards with his finger, to secure that its lower end bears firmly upon the agate- 
plate. It would be the reverse of an improvememt to introduce a spring 
attached to the roof of the instrument outside to press the screw head down- 
wards, inasmuch as however smooth the top of the screw-shaft might bo 
made, and however smooth the spring pressing it down, there would still be 
a very injurious friction impeding the proper settlement of the sliding- tube 
into its Ys. A stiff fork (g) stretching over the graduated circle is fir ml y 
attached to the roof outside, to prevent the screw from being lifted up by 
more than a very small space ; perhaps not more than of an inch at most. 
In using the instrument, the observer should occasionally pull up the screw- 
head and press it down again, and give it small horizontal motions, to make 

* In consequence of suggestions by Mr. Jenkin, it is probable that the spring may be 
done away with, and the Vs replaced by rings approximately fitting round the tube, but 
leaving it quite free to fall down by its own weight. In consequence of the symmetrical 
position of the convex end of the screw over the centre of the attracted disk, slight lateral 
motions of the tube produce no sensible effect on the electric attraction. 
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sure that when he is using it it is pressed in properly to its Ys and down upon 
the agate-plate. A long arm {d, figs. 8 and 9) (or two arms one above the 
other), firmly attached to the sliding-tube, carries a pointer which moves up 
and down with it. Two fixed guiding-cheeks on each side of this pointer 
prevent the tube from being carried round too far in either direction when the 
screw is turned : one of these cheeks is graduated so that each division is equal 
in length to the step of the micrometer-screw ; this enables the operator to 
ascertain the number of times he has turned the screw. These two cheeks 
must never simultaneously press upon the sliding-pointer ; on the contrary, 
they must leave it a slight amount of lateral freedom to move. If this 
does not amount to *36 of a degree, the amount of ‘‘ lost time ” produced by 
it will not exceed of a division of the micrometer-circle, and will not pro- 
duce any sensible error in the use of the instrument. A glass rod cemented 
to the lower end of the tube prolongs its axis downwards, and bears the 
continuous attracting- plate of the electrometer at its lower end. 

The object aimed at in the mechanism just described is to prevent the nut 
and other parts rigidly connected with it from any other motion than parallel 
to one definite line, and to leave it freedom to move in this line, unimpeded 
by any other friction than that which is indispensable in the arrangement 
for keeping the sliding tube in its Ys. 

§ 25. If the inner tinfoil covering of the Leyden jar were completed up to 
the guard-plate bearing the aluminium balance, the long arm of this lever 
being in the interior of a hollow conductor would experience no electric in- 
fluence, and no force from the electrification of the Leyden jar, or from 
separate electrification of the upper attracting- plate, or, more strictly 
speaking, the electric density and consequent electric force on the long arm 
of the lever would be absolutely insensible to the most refined test we could 
apply, because of the smallness of the gap between the moveable aluminium 
square and the boundary of the square aperture in the guard-plate. But to 
see the hair on the long end of the lever, and the white background with 
black dots behind it, a good portion of the glass under the guard -plate must 
be cleared of tinfoil outside and inside. Thus the electric potential of the 
inner coating of the Leyden jar will not be continued quite uniformly over 
the inner surface of the bared portion of the glass, and a disturbance aftecting 
chiefly the most sensitive part of the lever will be introduced. To diminish 
this as much as possible wdthout inconveniently impeding vision, a double 
screen of thin wire fences, in metallic communication with the inner tinfoil 
coating and the guard-plate, is introduced between the end of the lever and 
the glass through which it is observed. 

§ 26. A very light spiral spring (r) connects the upper attracting-plate with 
a brass piece supported upon a fixed vertical glass column imojecting down- 
wards from the roof of the instrument. This brass jnece bears a stout wire (s), 
called the main electrode, projecting vertically upwards along the axis of a 
brass tube open at each end, fixed in an aperture in the roof so as to project 
upwards and downwards, as shown in fig. 9. 

§ 27. The top of the main electrode bears a brass sliding-piece {t), which, 
when raised a little, serves for umbrella and wind-guard without disturbing the 
insulation ; and when pressed down closes the aperture and puts the electrode 
in metallic connexion with the roof of the instrument. When the instru- 
ment is to be used for atmospheric electricity (unless at a fixed station), a 
steel wire, about 20 centimetres long, is placed in the hole on the top of the 
sliding brass piece just mentioned, and is thus held in the vertical position. 
A burning match is attached to its upper end, which has the eflfect of 
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bringing the potential of the chief electrode and upper attracting-plate 
all to the potential of the air at the point where the match bums*. The 
instrument is either held in the observer’s hand, or it is placed upon a fixed 
support, and care taken that its outer brass case is in connexion with the 
earth. When the difference of potentials between two conductors is to be 
tested, one of these is connected with the brass case of the instrument, and 
the other with the chief electrode, the umbrella being kept up. If both 
of these conductors must be kept insulated from the earth, the brass case of 
the electrometer must ]"e put on an insulating stand, and the micrometer- 
screw turned by an insulating handle. 

§ 28. A lead cup {e e, fig. 8), supported by metal pillars from the roof and 
carrying pieces of pumice-stone, held in their place by India-rubber bands, 
completes the instrument. The inner surface of the glass must bo clean, and 
particles of dust, minute shreds or fibres, &c. removed as carefully as possible, 
especially from the lower surface of the upper attracting-plate, and the upper 
surface of the giiard-jjlate and aluminium square facing it from below. The 
pumice is prepared by moistening it with a few drops of strong pure sulphuric 
acid. Ordinary sulphuric acid of commerce should be boiled with sulphate of 
ammonia to free it from volatile acid vapours, and to strengthen it sufficiently 
by removing water if the acid be not of the strongest. There should not be 
so much acid applied to the pumice as to make it have the appearance of 
being moist, but there must be enough to maintain a sufficiently dry atmo- 
sphere within the instrument for very perfect insulation of the Leyden jar, 
which I find docs not in general lose more of its chai'ge than 5 per cent, per 
week, when the pumice is properly acidulated. Thus there is no tendency 
of the liquid to drop out of the pumice ; and the pumice being properly 
secured by the india-rubber bands, the instrument may be thrown about 
with any force, short of that which might break the glass jar or either of 
the glass stems, without doing any damage ; but to ensure this hardiness 
the sheet aluminium of which the balance is made must be vcfy thin. After 
several weeks’ use the pumice may commence to look moist, and even slight 
traces of moisture may be seen on the outside of the lead cup, in conse- 
quence of watery vapour attracted by the sulphuric acid from the atmosphere ; 
but the pumice should then be taken and dried. At all events this must bo 
done in good time, before enough of liquid has collected to give any tendency 
to drop. In all climates in which I have hitherto tested the instrument, 
I have found the pumice effective for insulation and safe in keeping all the 
liquid to itself for two months. But it having been reported to mo by Mr. 
Becker that many instruments have been returned to him in a ruinous con- 
dition from drops of sulphuric acid having become scattered through their 
metal work, I now cause to be engraved conspicuously on the outer case of 
the instrument pijmice dangeeotjs, ip not dried once a month also a 
frame carrying a card, on wliioh the dates of diy ing are inscribed, to be 
placed in a convenient position on the roof of the instrument. 

§ 29. To prepare the instrument for use, the inner coating of the Leyden 
jar must be charged through a charging rod, insulated in a vulcanite or 
glass tube, and let down for the occasion through a hole in the roof of the 
instrument, by aid of a small electrophorus, which generally accompanies 
the instrument, or by an electrical machine. I generally prefer to give a 
negative charge to the inner coating, as I have not found any phy- 
sical reason, such as that mentioned in § 9 above, to prefer a positive charge 

♦ See Nidiol’i Cyclopaedia, article ** Electricity, Atmospheric,” 2nd edition, 1860 ; or 
•* Eoyal Institution Lecture on Atmospheric Electricity,” May 1860. 
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to a negative charge ; and the negative charge gives increased readings of 
the micrometer, in the ordinary use of the instrument, to correspond to 
positive charges of the principal electrode, as will be presently explained. 
Before commencing to charge the jar, the upper attrac ting-plate should be 
moved to nearly the highest position of its range by the micrometer-screw, 
otherwise too strong a force of electric attraction may be put upon the 
aluminium square ; and besides, the jar will discharge itself between the 
upper plate and the extreme edge cf the aluminium square, pulled as it is 
very much above the level of the guard-plate by the electric attraction. I 
have not found any injury or change of electric value of the scale- divisions 
to arise from any such rough usage ; but still, to guard against such a possi- 
bility, I propose to add to the guard-plate checks to prevent the corners of 
the aluminium from rising much, if at all, above its level, and to conduct the 
discharge and protect the aluminium and platinum from the shock, in case of 
the upper plate being brought too near the lower. When the instrument is 
being charged, or when it is out of use at any time, the umbrella should 
always be kept down ; but it must be raised to insulate the principal elec- 
trode, of course, before proceeding to apply this to a body whose difference 
of potential from a body connected with the case of the instrument is to be 
measured. 

§ 30. In using the instrument the umbrella must very frequently be lowered, 
or metallic communication established in any other convenient way between 
the chief electrode and the outer brass case, the micrometer-screw turned 
until the hair takes its sighted position, and the reading taken, the hundreds 
being road on the interior vertical scale, and the units (or single divisions of 
the circle) on the graduated circle above. The numbei* thus found is called 
the earth -reading. It measures the distance from an arbitrary zero position 
to the position in which the upper attracting- plate must be placed to give 
the amount of electric force on the aluminium sipiare which balances the 
lever in its sighted position. A constant added to the earth-reading, or sub- 
tracted from it, gives (§ 1) a number simply proportional to the difference 
of potentials between the upper and lower plate ; that is to say, between the 
two coatings of the Leyden jar. The vertical scale and micrometer -circle 
are numbered, so that increased distances between the plates gives increased 
readings ; and the zero reading should correspond as nearly as may be to 
zero distance between them ; although in the instruments hitherto made 
no pains have been taken to secure this condition, even somewhat approxi- 
mately. If it is desired to know the constant, an electrical experiment 
must be made to determine it, which is done with ease ; but this is not 
necessary for the ordinary use of the instrument, which is as follows. 

§ 31. First, an earth-reading is taken, then the upper electrode is insulated 
by raising the umbrella, or otherwise breaking connexion between the prin- 
cipal electrode and the outer metal case of the instrument. The principal 
electrode and the outer case are then connected with the two bodies whose 
difference of potential is to be determined, and the micrometer-screw is 
turned until the hair is brought to its sighted position. The reading of 
hundreds on the vertical scale and units on the circle is then taken. Lastly, 
the principal electrode is again connected with the case of the instrument 
and another earth-reading is taken. If the second earth-reading differs 
from the first, the observer must estimate the most probable earth-reading 
for the moment when the hair was in its sighted position, with the upper 
plate and the metal case in connexion with the two bodies whose difference 
of potential is. to be measured. The estimated earth-reading is to be sub- 
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tracted from the reading taken in connexion with the bodies to be tested. 
This difference measures (§21) the required difference of potentials between 
them in units of the instrument. The value of the unit of the instrument 
ought to be known in absolute electrostatic measure ; and the difference of 
reading found in any experiment is to be multiplied by this, which is called 
(§1) the absolute coefficient of the instrument, to give the required dif- 
ference of potentials in absolute measure. It so happens that, in the 
portable electrometers cf the kind now described which have been hitherto 
constructed, the absolute coefficient is somewhere about *01, so that one turn 
of the screw, or 100 divisions of the circle, corresponds to somewhere 
about one electrostatic unit, with a gramme for the unit of mass, a centi- 
metre for the unit of distance, and a second for the unit of time ; but the 
different instruments differ from one another by as much as ten or twenty 
per cent, in their absolute coefficients. In all of these I have found between 
three and four DanielPs cells to correspond to the unit division ; that is to 
say, between three hundred and four hundred cells to a full turn of the 
screw. With great care, the observer may measure small differences of 
potentials by this instrument to the tenth part of a division (or to about 
half a Daniell’s cell). With a very moderate amount of practice and care, 
an error of as much as a half division may be avoided in each reading. 

§ 32. But there are imperfections in the instrument itself which make it 
difficult or impossible to secure very minute accuracy, especially in measure- 
ments through wide ranges. 

(1) In the first place, I am not sure that the end of the needle 
carrying the hair is protected sufficientlj^ by the wire fences (§ 25) from 
electric disturbance to provide against any error from this source, which 
possibly introduces serious irregularities. 

(2) In the second place, the capacit}^ of the jar in the small portable 
instrument is not sufficient to secure that the potential of its inner coating 
shall not differ sensibly with the different distances to which the upper plate 
is brought, to balance the aluminium lever with the hair in its sighted po- 
sition. But on this point it is to be remarked that the electric density on 
the upper surface of the guard-plate is in its central parts always the same 
when the hair is in its sighted position ; and it is therefore only the compa- 
ratively small difference of the quantity of electricity on this surface, towards 
the ^ rim, corresponding to different distances of the attracted plate, that 
causes difference of potential in the inner coating of the jar. But if the upper 
attracting-plate be kept for several minutes at any distance, differing by a 
few turns of the screw, from that which brings the hair to its sighted 
position, the electricity creeps along the inner unconnected surface of the 
glass so as to increase the charge of the inner metallic coating, or diminish 
it, according as the distance is too great or too small. If then quickly the 
screw be turned and the earth-reading taken, it is found greater or smaller, 
as the case may be, than previously ; but after a few minutes more it returns 
to its previous value very approximately. Error from this source may be 
practically avoided by taking care never to allow the hair to remain for more 
than a few minutes far from its sighted position ; never so far, for instance, 
as above the centre of the upper, or below the centre of the lower dots. 

(3) A third source of error arises from change of temperature influencing 
the indications. In most of the instruments hitherto made I have found 
that the warmth of the hand produces in a few minutes a very notable aug- 
mentation of the earth -reading (as it were an increased charge in the jar) ; 
but in the last instrument which I have tested (White No, 18) I find the 



ON STANDARDS OF ELECTRICAL RESISTANCE. 


507 


reverse effect, the earth-reading becoming smaller as the instrument is 
warmed, or larger when it is cooled. I have ascertained that these changes 
are not due to changes in the electric capacities of the Leyden jars ; and I 
have found that the change, if any,* of specific inductive capacity of glass hjr 
change of temperature is excessively small, in comparison to what would be 
required to account for the temperature errors of these instruments, which 
probably must be due to thermo-elastic properties of the platinum wire, or 
of the stretching-springs, or of the aluminium balance-lever, or to a com- 
bination of the effects depending on such properties ; but I have endeavoured 
in vain, for several years, and made many experiments, to discover the precise 
cause. It surely will be found, and means invented for remedying the error, 
now when I have an instrument in which the error is in the opposite di- 
rection to that of most of the other instruments. It is of course much 
greater in some instruments than in others : in some it is so great that the 
earth-reading is varied by as much as twenty divisions by the warmth of the 
hand in the course of five or ten minutes after commencing to use the in- 
strument, if it has been previously for some time in a cold place. Its in- 
fluence may be eliminated, not quite rigorously, but nearly enough so for most 
practical purposes, by frequently taking earth-readings (§ 30) and proceeding 
according to the directions of § 31. 

(4) A fourth fault in the portable electrometer is, that the diameter of 
the guard-plate and upper attracting disk, which ought to be infinite, are not 
sufiiciently great, in proportion to the greatest distance between them, to 
render the scale quite uniform in its electric value throughout, A careful 
observer will, however, remedy the greater part of the error due to this 
defect, by measuring experimentally the relative (or absolute) values of the 
scale-dmsion in different parts of the range. There will, however, remain 
uncorrected some irregularity, due to influence of the distribution of elec- 
tricity over the uncoated inner surface, in the instruments as hitherto made, 
in all of -which the inner surface of the jar is coated with tinfoil only below 
the guard-plate, so that the upper surface of the guard-plate may be seen 
clearly, in order that the observer may always see that all is in order about 
the aluminium square and aj)erture round it ; and particularly that there 
are no injurious shreds or minute fibres. But the irregular influence of the 
electrification of the uncoated glass, if found sensible, will be rendered insen- 
sible by continuing the tiijfoil coating an inch above the upper surface of 
the guard-plate. 

§ 33. All faults, except the temperature error, depend on the smaUness o# 
the instrument ; and if the observer chooses to regard as portable an instru- 
ment of thirty centimetres (or a foot) diameter, with all other dimensions, 
and all details of construction, the same as those of the instrument described 
above, he may have a portable electrometer practically free from three of the 
four faults described. But it is scarcely to be expected that a small instru- 
ment (] 2| centimetres high, and 8 J centimetres in diameter) which may be 
carried about in the pocket can be free from such errors. They are, 
however, so far remedied as to bo probably not perceptible in the large sta- 
tionary instrument which I now proceed to describe. 

Standard Electrometer. 

§ 34. This instrument (figs. 12,13,& 14, Plate VI.) differs from the portable 
electrometer only in dimensions, and in certain mechanical details, which are 
arranged to give greater accuracy by taking advantage of freedom from the exi- 
gencies of a small portable instrument. It is at present called the standard 
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electrometer, in anticipation of either remedying, or of learning to perfectly 
allow for, the temperature error, and of finding by secular experiments on the 
elasticity of metals, that their properties used in the instrument are satisfactory 
as regards the permanence from year to year, and from century to century, of 
the electric value of its reading. It is an instrument capable of being applied 
with great ease to very accurate measurements of differences of potential, in 
terms of its own unit. The value of the unit for each such standard instru- 
ment ought, of course, to bo determined with the greatest possible accuracy 
in absolute measure ; and until confidence can be felt as to its secular con- 
stancy, determinations should frequently be made by aid of the absolute 
electrometer. 

§ 35. The Leyden jar of the standard electrometer consists of a largo thin 
white-glass shade coated inside and outside to within 6 centimetres of its lip, 
and placed over the instrument as an ordinary glass shade, to protect against 
dust, currents of air, and change of atmosphere. It may be removed at plea- 
sure from the cast-iron sole of the instrument, and then the interior works 
are seen, consisting of 

(1) A continuous disk of brass supported on a glass stem, in prolongation 
of a stout brass rod or tube sliding vertically in Vs, in which it is kept by 
a spring, and resting with its lower fiat end on the upper end of a micrometer- 
screw shaft, shown in fig. 13, where the screw, graduated circle, and stout 
brass Tod are as seen in the instrument ; the perforated brass disk (which is 
intended to keep the round upper end of the screw- shaft in position) is 
shown in section in fig. 14. 

(2) Besting on three glass columns, a guard-plate with a square aperture 
in its centre, and carrying on its upper side stretching-springs and thin plati- 
num-wire suspension of an aluminium balance-lever, shaped like those of the 
gauge (§ 13) and the portable (§ 23) already described, but somewhat larger. 
The tops of the three glass columns are rounded ; a round hole and a short 
slot in line with this hole are cut in the guard-plate and receive the rounded 
ends of two of the columns, which are somewhat longer than the third. 
The flat smooth lower surface of the guard-plate rests simply on the top of 
the third glass column. The diameter of the round hole and the breadth of 

the slot in the guard-plate may be about of the diameter of curvature of 
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the upper hemispherical rounded ends of the glass column, so that the 
bearing portions of the rounded ends in the round hole and in the slot re- 
spectively may be inclined somewhere about 45® to the plane of the plate. 
This well-known but too often neglected geometrical arrangement gives 
perfect steadiness to the supported plate, without putting any transverse 
strain upon the supporting glass columns, such as was almost inevitable, and 
caused the breakage of many glass stems, before mental inertia opposing 
deviations from the ordinary instrument-maker^s plan (of screwing the guard- 
plate to brass mountings cemented to the tops of the glass columns) was over- 
come. It has also the advantage of allowing the guard-plate to be lifted off 
and replaced in a moment. 

(3) Principal electrode projecting downwards through a hole in the sole 
of the instrument, and rigidly supported from above by a brass mounting 
cemented to the top of a thick vertical glass column, connected by a light 
spiral spring with the lower attracting-plate moved up and down by the 
micrometer-screw. The aperture round the principal electrode may be 
ordinarily stopped by a perforated column of well-paraffined vulcanite pro- 
jecting some distance above and below the aperture, which I find to insulate 
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extremely well, even in the smoky, dusty, and acidulated atmosphere of 
Glasgow. When an extremely perfect insulation of the principal electrode 
and connected attrac ting-plate is required, the vulcanite stopper surrounding 
it may be removed, so that the only communication between the electrode 
and the case of the instrument may he along the two glass columns in the 
artificially dried interior atmosphere of the case ; but from day to day, when 
the instrument is out of use, the aperture round the principal electrode should 
be kept carefully stopped, if not by a vulcanite insulator by a perforated cork 
(although I find but little loss of insulation, either by the inner glass surface 
of the Leyden jar or by the three glass columns, when this precaution is 
neglected). 

(4) Temporary charging-rod supported by a vertical perforated column of 
paraffined vulcanite, or a glass tube well varnished outside and thickly paraf- 
fined inside. The insulating column bearing this charging-rod is turned 
round till a horizontal spring projecting from its upper end touches the inner 
coating of the jar, when this is to be charged from an independent source, 
or when, for any other experimental reason, it is to be put in connexion with 
a conductor outside the case of the instrument. 

(5) A small replenisher of the kind described for the quadrant electrometer 
(§ 12), but with much wider air-spaces to prevent discharge by sparks. 

(6) A large glass or lead dish to hold as large masses of pumice as maybe, 
which are to be kept sufficiently impregnated with strong sulphuric acid. 

§ 36. A considerable position of the jar above the guard-plate is left un- 
coated to allow the observer to see easily the hair and white background with 
black dots ; also several other smaller parts of the glass above the guard-plate 
are left uncoated to admit light to allow a small circular level on the upper 
side of the guard-plate to be seen. The long arm of the aluminium balance- 
lever is very thoroughly guarded by double cages and fences of wire (§ 25), 
so that it can experience no sensible influence from electric disturbing forces 
when the covering jar is put in position and electric connexion is established 
between its inner coating and the guard-plate by projecting flexible wires or 
slips of metal. 

§ 37. The aluminium square plate is somewhat larger, and the platinum 
bearing wire somewhat longer in this instrument than in the portable electro- 
meter, to render it sensible to smaller differences of potential. The step of 
the screw is the same as in the portable of an inch), and one division 
(riw circumference of the screw-head) corresponds to a difference of 

potentials which, roughly speaking, is equal to about that of a single cell of 
DanielFs. The effective range of the instrument is about sixty turns of the 
screw, and therefore about 6000 cells of Danieirs. That of the portable 
electrometer is about 15 turns of the screw (equivalent to about 5000 cells). 
Neither of these instruments has sufficient range to measure the potential to 
which Leyden jars are charged in ordinary electric experiments, or those 
reached by the prime conductor of a powerful electric machine. The station- 
ary instrument with its long screw and its large plates now described, would 
go far towards meeting this want if its aluminium lever and platinum sus- 
pension were made on the same scale as those of the portable electrometer ; 
but for an instrument never wanted to directly measure differences of poten- 
tials of less than two or three thousand cells, the heterostatic (§ 40) principle 
is in general not useful, and therefore I have constructed the following very 
simple idiostatic (§ 40) instrument, which is adapted to measure with con- 
siderable accuracy difierences of potential from 4000 cells upwards, to about 
80,000 cells. 
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LoNa-RANGE Electrometer. 

§ 38. In tliis (fig. 15, Plate YI.) the continuous attraoting-plate is above, 
and the guard-plate with aluminium balance below, as in the portable elec- 
trometer ; but, as in the standard stationary electrometer, the upper plate is 
fixed and the lower plate is moved up and down by a micrometer-screw. The 
mechanism of the screw and slide has all the simplicity and consequent accu- 
racy of that of the standard electrometer. In the only long-range instrument 
yet constructed the step of the screw is the same as that of the others of 
an inch). In future instruments it would be well either to have a longer step 
or to have a simple mechanism (which can be easily added) to give a quick 
motion ; as in the use of the present instrument, the turning of the screw re- 
quired for great clianges of the potential measured is very tedious. The guard- 
plate projects by more than an inch all round beyond the rim of the upper 
attracting-plate ; partly to obviate the necessity of giving it a thick rim, which 
would be required to prevent brushes and sparks originating in it, if it had 
only the same diameter as the continuous plate above, and partly to guard 
the observer from receiving a spark or shock in measuring the potential of 
an electric machine or of a Leyden battery, and to prevent the hair from being 
attracted to the upper plate. Thus the guard-plate is allowed to be no thicker 
than suffices for stiffness, and this allows the observer to see the hair at the 
end of the aluminium balance-lever without the lever being made of a dy- 
namically disadvantageous shape, as would be necessary if the guard-plate 
were thick or had a thick rim added to it. No glass case is required for this 
instrument. The smallness of the needle and the greatness of the electric 
force acting on it are such that I find in practice no disturbance to any in- 
convenient degree by ordinary currents of air; although it and all these 
attracted disk instruments show the influence of sudden change of baro- 
metric pressure, such as that produced by opening or shutting a door. If 
not kept under a glass shade when out of use, the lower surface of the upper 
attracting-plate and the lower surface of the guard-plate and attracted alu- 
minium square should be carefully dusted by a dry cool hand. Generally 
speaking, none of the vital electric organs of an electrometer should be 
touched by a cloth, as this is almost sure to leave shreds fatal to their healthy 
action. 

§ 39. The effective range of this instrument is about 200 turns of the screw; 
rather greater force of torsion is given than in the portable electrometer, and 
a rather smaller attracted disk may be used, so that upwards of four cells 
maybe the electric value of one division. The instrument in its present state 
measures nearly but not quite the highest potential I can ordinarily produce 
in the conductor of a good Winter’s electric machine, which sometimes gives 
sparks and brushes a foot long. 

§ 40. The classification of electrometers given above is founded on the shape 
and kinematic relations of their chief organic parts ; but it will be remarked 
that another principle of classification is presented by the different electric 
systems used in them, which may be divided into two classes : — 

I. Idiostatic, that in which the whole electric force depends on the electri- 
fication which is itself the subject of the test. 

II. Heterostatic, in which, besides the electrification to be tested, another 
electrification maintained independently of it is taken advantage of. 

Thus, for ex^ple, the long-range electrometer (§§ 38, 39) is simply 
idiostatic and is not adapted for hoterostatic use ; but each of them may be 
used idiostatically. The absolute electrometer was at first simply idiostatic 
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(§§ 17-21) ; more recently it lias been used beterostatically, and is about to 
acquire (§ 22) special organs adapted for beterostatic use ; as yet, however, 
no species of the absolute electrometer promising permanence has come into 
existence. 

§ 41. It is instructive to trace the origin of various heterostatic species of 
electrometers by natural selection. A body hanging, or otherwise symmetri- 
cally balanced, in the middle of a symmetrical field of force, but free to move 
in one direction or the other in a line tangential to a line of force, moves in 
one direction or the opposite when electrified positively or negatively. 
Bohnenberger’s arrangement of this kind has a convenient and approximately 
constant field of force ; and his instrument was chosen in preference to others 
which may have been equally sensitive, but were less convenient and constant, 
and it became a permanent species. 

§ 42. Bennet’s gold-leaf electroscope, constructed with care to secure good 
insulation, electrified sufficiently to produce a moderate divergence, has been 
often used to test, by aid of this electrification, the quality of the electrifica- 
tion of an electrified body brought into the neighbourhood of its upper pro- 
jecting electrode, causing, if its electricity is of the same sign as that of the 
gold leaves, increase of divergence ; if of the opposite sign, diminution. By 
connecting the upper electrode with the inner coating of a Leyden jar with 
internal artificially dried atmosphere, the charge of the gold leaves may be 
made to last with little loss from day to day ; and by insulating Paraday’s 
metal cage (§ 2) round the gold leaves and alternately connecting it with 
the earth and with a conductor whose difference of potentials from the earth 
is to be tested, an increase or a diminution of divergence is observed accord- 
ing as this difference is negative or positive, the gold leaves being positive. 
Hence (through Peltier’s and Delmann’s forms) the heterostatic stationary and 
portable repulsion electrometers, described in the Itoyal Institution Lecture 
on ^^Atmospheric Electricity ” and in Mchol’s Cyclopaedia, article ^‘Electricity, 
Atmospheric,” already referred to, of which one species still survives in 
King’s College, Nova Scotia, and in the Natural Philosophy Class Boom of 
Edinburgh University. The same form of the heterostatic principle applied 
to Snow Harris’s attracted disk electrometer gave the portable and standard 
electrometers described above. 

§ 43. A modification of Bohnenberger’s electroscope, in which the two knobs 
on the two sides of the hanging gold leaf became transformed into halves of a 
circular cylinder, with its axis horizontal and the gold leaf hung on a wire 
insulated in a position coinciding with its axis, producing a species designed 
for telegraphic purposes, but which did 
not acquire permanence by natural se- 
lection, and is only known to exist in 
one fossil specimen. In this instrument 
the wire bearing the gold leaf was con- 
nected with a charged Leyden jar, and 
the semicylinders with the bodies whose 
difference of potential was to be tested. 

But various modifications of the divi- 
ded-cylinder or divided-ring class with 
the axis vertical and plane of motion 
horizontal have done some practical 
work, and one species, the new quad- 
rant electrometer (§ 6), promises to be- 
come permanent. 
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§ 44. The heterostatic principle in one form or other is essential to distin- 
guish between positive and negative. As remarked above (§ 42), the original 
type of this use of it is to be found in the old system of testing the quality 
of the charge taken by the diverging straws or gold leaves of the electroscopes 
used for the observation of atmospheric electricity; which was done by 
bringing a piece of rubbed sealing-wax into the neighbourhood, and observ- 
ing whether this caused increase or diminution of the divergence. A doubt 
which still exists as to the sign* of the atmospheric electricity observed by 
Professor Piazzi Smyth on the Peak of Teneriffe, is owing to the imperfection 
of this way of applying the principle. It is, indeed, to be doubted in any one 
instance whether it is not vitreous electricity that the rubbed sealing-wax 
acquires. And, again (§ 2), it is not certain that the glass case enclosing the 
gold leaves, especially if very clean and surrounded by a very dry natural 
atmosphere, screens them sufficiently from direct influence of the piece of 
sealing-wax to make sure that the divergence due to vitreous electricity could 
not be increased by the presence of the resinously electrified sealing-wax if 
held nearer the gold leaves than the upper projecting stem. 

§ 45. The heterostatic principle has a very great advantage as regards 
sensibility over any simple idiostatic arrangement, inasmuch as, for infinitely 
small differences of potential to be measured, the force is as the squares of 
the differences in any idiostatic arrangement, but is simply proportional to 
the differences in every heterostatic arrangement. 


YI. Determination of the Dynamical Equivalent of Heat from the thermal 
effects of Electric Currents, By J. P. Joule, D.C.L,, F,R,S,, ^c, 

Bir W. Thomson, as long ago as 1851, showed that it was desirable to 
make experiments such as are the subject of the present paper. They have 
necessarily been delayed until a sufficiently accurate method of measuring 
resistance was discovered. Buch a method having been described by Sir 
William, and carried out into practice by Professor C. Maxwell and his able 
coadjutors, the task assigned to me by the Committee of Electric Standards 
was comparatively simple. 

My experiments were commenced nearly two years ago, and the apparent 
ease with which they could be executed gave promise of their early com- 
pletion. It was, however, found essential that careful observations of the 
earth’s horizontal magnetic intensity should be frequently made, and these 
required the construction of apparatus whereby this element could be deter- 
mined with accuracy and rapidity. 

The apparatus finally adopted for this purpose consists of a suspended 
horizontal flat coil of wire between two fixed similar coils. A current of 
electricity can be made to traverse all three, communication with the sus- 
pended coil being made by the suspending wires themselves according to Sir 
W. Thomson’s plan. The strength of a current is found by observing the 
sum of the forces of attraction and repulsion by which the suspended coil is 
urged. The strength of a current can in this manner be determined in ab- 
solute measure. Eor the area of each of the three equal coils being called 
a, the weight required to counterpoise the force with which the suspended one 
is urged w, the force of gravity g, and the length of wire in each of the coils 




the current c—^/^ 


(1 -f co}Tection), the correction being principally 


* N ichol’s Cyclopaedia, article “ Electricity, Atmospheric,” edition 1860. 
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due to the distance between the fixed coils. In my inst|ument, in which 
this distance is 1 inch, the diameter of the coils being 12 inches, and their 
interior core 4 inches, this correction was proved by experiment to be ’IISS. 

There was, however, considerable difficulty in obtaining 'an exact measure 
of the distance between the fixed coils, and I therefore judged that the mea- 
sure of the currents used in the experiments would be most accurately 
obtained by means of a tangent galvanometer, the above described current- 
meter being employed to determine the horizontal intensity. 

This determination was effected as follows : — Many careful observations 
of the horizontal intensity by an improved method on Gauss and Weber’s 
system were made alternatively with observations of the deflections of a 
tangent galvanometer and the weighings of the current-meter when the 
same currents traversed both instruments in succession. Then calling the ho- 
rizontal intensity H, the angle of deflection 0, and the weighing w, there was 

obtained a constant = *17676. Hence with these instruments 

vw 

jj *17676 s/ w 

tan 0 

The experiments for the determinations of horizontal intensity by the use 
of this formula could be effected in a few minutes, and did not require an 
alteration in the disposition of any part of the apparatus. It was satisfac- 
tory to find that, although the presence of masses of iron at only a few yards 
distance made the field in which I worked considerably more intense than 
that due to tlie latitude, and although I worked at different times of the day, 
the higliest intensity, out of upwards of seventy observations distributed over 
a year, was 3*6ho3, and the lowest 3*6607, inicathig a much greater degree 
of constancy than might have been expected. 

The galvanometer above mentioned was that employed in the thermal 
experiments. It had a single circle of -jL-inch copper wire, the diameter 
of which, being measured in many places by a standard rule, gave a radius 
of *62723 of a foot. The needle was half an inch long, and furnished with 
a glass pointer traversing a divided circle of 6 inches diameter. In the experi- 
ments the deflections were not far from 2()° 34', the angle at which the influ- 
ence of the length of the needle within certain limits is inappreciable. It was 
easy by a magnifier, arranged so as to avoid parallax, to read to one minute. 
The torsion of the fibre gave only 3'*5 for an entire twist. The trifling cor- 
rection thus required is applied to the recorded observations of deflection. 

The calorimeter first used was a copper vessel upwards of a gallon in 
capacity, fiUed with distilled water. It had a conical lid, attached by screws, 
in which were two tubulurcs, one for the introduction of a copper stirrer, 
the other for the thermometer, around the immersed stem of which a wire of 
platinum silver, having a resistance nearly equal to that of the Association 
unit, was coiled. 

The resistance of the wire was found by comparing it with the Association 

0 ✓Q 0 X 

unit, sent me by the Committee, using Ohm’s formula, oc=~^[ - / ], where 

Cg, Cg, and are the tangents of deflection with the battery and connexions 
only with these and the unit and with the coil respectively. This, though 
by no means so delicate a method as that of the Wheatstone balance im- 
proved by Thomson, was able to give a final result certainly accurate to the 
two -thousandth part. The results for the resistance of the coil in the first 
series of experiments are as foUow. They were obtained before &,nd after 
1867. 2 M 
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those experiments A large galvanic cell, consisting of cast iron and amal- 
gamated zinc plunged in dilute sulphuric acid, was the source of electricity, 
which was measured by a galvanometer with a coil of nine turns, 17 inches 
in diameter. 


0 ,. 


c,. 


c,. 


Temperature Temperature 
of unit. of coil. 


Resistance of 
coil in terms 
of imit. 


tan 65 6*75 tan 28 18 tan 28 1*3 

tan 59 32*5 tan 32 39-6 tan 32 22 


63-7 62-65 1-01901 

59-24 58-39 1-01825 


The average resistance 1-01863 being reduced from the temperature 14°-5 
Cent., at which the unit was adjusted, to 69°*9 Fahr., the average tempera- 
ture of the calorimeter in the first series of experiments becomes 1-0191, 
which, multiplied by 32808990, gives 33435640 as the resistance in British 
absolute measure. 

A delicate thermometer was placed at a few inches distance from the 
calorimeter, for the purpose of registering the temperature of the air. In 
the Tables its indications are reduced to the scale of the instrument plunged 
in the calorimeter. A string attached the handle of the stirrer to a stick, so 
that the water could be effectually stirred without communicating the heat 
of the hand. A wooden screen separated the observer from the apparatus. 

In the experiments of the first series a battery of five large DanielPs cells, 
arranged in series, transmitted the current through the coil for 40' exactly 
determined by chronometer. During this time twenty-eight observations of 
deflection were obtained, seven at each end of the pointer directed N.E. and 
S.W., and seven when it was directed N.W. and S.E. by reversing the current 
in the galvanometer for the latter half of the time. The water was stirred 
twenty-eight times. Its temperature was taken at the beginning, middle, 
and end of an experiment. There were also fourteen observations of the 
temperature of the air. 

Immediately after each experiment the horizontal intensity of magnetic 
force was obtained by observing the deflection of the galvanometer and the 
weighing of the current-meter produced by the same current. 

Before and after each experiment, two others were made in precisely the 
same manner, but excepting the current, in order to discover the influence of 
radiation and the conducting-power of the atmosphere. 


First Series of Thermal Earperiments. 


Date. 

Deflection. 

tan*. 

Deflection. 

Tempera- 
ture of 
air. 

Tempera- 
ture of 
water. 

Rise of 
tempera- 
ture. 

Horizontal 

intensity. 

i866. 

Aug. 22 ... 

„ ••• 
Sept. 8... 

„ lO... 

„ II... 

„ 12... 
„ 13... 

» 15- 

„ 15... 

„ 18... 

0 / 

32 46*86 
34 0*^9 
3i 24 83 
31 50*22 
31 31-02 
31 14-42 

30 57-5* 

30 24*86 
30 20*51 
30 34*34 

*414719 

•455*33 

-403156 

•38554a 

*376024 

*367944 

•359850 

•344607 

•342610 

•348982 

492-36 

494'77 

400*4 

441*11 

367*0 

344’33 

361-54 

346-7 

381-41 

34264 

497*42 

493*a7 

401*8 

433'*5 

392-89 

344'4S 

358-47 

330*01 

367-56 

324-32 

*3’55 

*5-65 

22*8 

22*214 

18*51 

21*9 

20*95 

21-98 

21*07 

22*29 

3*6763 

3-6815 

3*6737 

3*6758 

3*6656 

3*6671 

3*6638 

3*6711 

3*6607 

Average . . . 


•379857 

397*226 

394*406 

22*0914 

3-67073 
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First Series of Radiation Expenments, 


Date. 

Temperature 
of air. 

Temperature 
of water. 

Rise of tem- 
perature of 
water. 

i866. 

Aug. 22 

495*93 

469*14 

2*88 

„ 

502*22 

47783 

315 

Aug. 23 

476*37 

458-96 

3*o8 

Sept. 8 

490*81 

499*22 

*- 0*55 

393*5 

38275 

2*0 

Sept. lo 

395 ’ 8 a 

41415 

- 1*7 

444*31 

419*4 

2*9 

Sept. 11 

437*15 

396 96 

4-83 

373*07 

384*72 

— 0*63 

Sept. 12 . . .. 

367*14 

391*76 

'-’ 1*75 

334*0 

332*42 

0*44 

n 

365*34 

360*2 

1*6 

Sept. 13 .. . 

352*82 

343*11 

1*83 

j» 

Sept. 15 

366*65 

369* 16 

— 0*08 

330*78 

315*41 

2*78 

5, ... 

381*47 

347 14 

3*72 

>1 .... 

378*93 

350 67 

3*34 

Sept. 18 

381*05 

379 ’ 5 * 

0*22 

326*99 

309*28 

a *55 

>> 

339*9 

338*35 

0*04 

Average 

373-058 

364*686 

1*3806 


In applying the preceding Table for the purpose of correcting the results 
of the thermal experiments, it must be first observed that the external influ- 
ences on the calorimeter are not zero when the temperature of the air-ther- 
mometer coincides with the indication of that immersed in the calorimeter. 
This might arise partly from the locality of the two instruments not being 
the same, but was, I found, principally owing to the different radiating and 
absorbing powers of the air-thermometer bulb and of the surface of the 
calorimeter. Taking, then, the number of instances in which the tempera- 
ture of the air appeared to exceed that of the water, there are fifteen with a 
total excess of 259*63, and a resulting gain of temperature of 35*36. Also 
those in which the air appeared to be colder than the water were five, giving 

a total deficiency of 65*5 with a loss of temperature 4*71. Hence — — 
whence 4*418, which must be added to the indications 

35*36 

of the thermometer registering the temperature of the air. After this cor- 
rection has been made, it will be found that the effect of a difference of tem- 
perature between the air and water, of 9*216, is unity. 

4*418 added to 397*226 gives 401*644 for the corrected temperature of 
the air in the thermal experiments, and this being 7*238 in excess of the 
temperature of the calorimeter, the corrected thermal effect will be 22*0914— 
7*238 

=21*306, which, after applying the needful correction for the immersed 

9*216 

portion of the thermometer stem, becomes ultimately 21*326. 

The thermal capacity of the calorimeter was made up of 95525 grains of 
distilled water, 26220 grains of copper, equivalent to 2501 grains of water, 

2m2 
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and the thermometer and coil equivalent to 80 grains, giving a total capacity 
equal to 98106 grains of water. 12*951 divisions of the thermometer are 
equivalent to one degree Eahr. 


The dynamical equivalent is the quotient of the work done, by the 
thermal effect, or 



ian^ 0 E. < 


T ” 

{ X 3-670731’' X -379857 x 33435640 x 2400 
lo*28t32 J 


21*326 

12-951 


X 98106 


25335. 


It appeared to be desirable to diminish the atmospheric influence ; I 
therefore commenced a second series, in which the calorimeter was coven^d 
with two folds of cotton wadding. The bulb of the air-registering thermo- 
meter was also placed in a small bag made of the same material. In this 
fresh series each experiment occupied one hour, as I had learned by experi- 
ence that with my battery arrangement the current would be sufficiently 
uniform. In fact the highest reading in an experiment was not more than 
higher than the lowest. There were, evenly distributed through the 
hour, forty observations of deflection, twenty of the air, and three of the 
water -thermometer ; and the water was stirred forty times. Two minutes 
were allowed for the complete equalization of temperature previous to the 
final thermometer reading. The experiments on radiation were also similarly 
extended. 

The coil was the same as that used in the first series. It had a coat of 
shellac vanish. Five determinations of its resistance were made, using a 
single Daniell’s cell with various resistances included in the circuit. The 
galvanometer had a coil 17 inches in diameter consisting of nine turns. The 
results are as follow : — 


C,. 

c,. 

c,. 

Tempera- 
ture of 
unit. 

Tempera- 
ture of 
coil. 

Resistance of 
coil in terms 
of unit. 

O 1 

0 1 

0 i 




tan 79 39-5 

tan 52 33*3 

tan 52 9*3 

59’25 

58*6 

1-0192 

tan 71 39-5 

tan 47 17-06 

tan 46 5 5 '6 

486 

48 5 

i-oi9g 

tan 70 16 

tan 46 18*1 1 

tan 45 574 

54-68 

57'4 

1-0194 

tan 71 S4'33 

tan 47 7 66 

tan 46 45'93 



1-0198 

tan 62 6 

tan 41 30-43 

tan 41 13*46 



1-0187 

Average 





1-01938 


The average temperature of the calorimeter in the experiments being 
13°*55 Cent., and that at which the unit was adjusted 14°*5, the resistance 
during the experiments must have been 1*01906, which is equal to 33434330 
in British measure. 
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Second Series of Thermal Eocperiments, 


Date. 

Deflection. 

tan*. 

Deflection. 

Tempera- 
ture of 
air. 

Tempera- 
ture of 
water. 

Rise of 
tempera- 
ture. 

Horizontal 

intensity. 

1866. 

Sept. 21 ... 

0 / 

29 5I'68 

•329623 

397'4 

363*42 

30*38 

3*6668 

„ 22... 

28 58-4 

•306585 

362-51 

348*06 

26-95 

3-6707 

„ 25 ... 

29 14 * 6 ^ 

'313472 

345*19 

306-94 

29*75 

3*6724 

„ 26.., 

29 ^146 

•329525 

370*84 

350-64 

29*92 

3-6644 

27 -*- 
Oct. 5 ... 

28 5478 

• 3 o <; o 64 

365-91 

361-71 

25*88 

3*6665 

29 5'05 

•309393 

380*66 

387‘57 

24*90 

3*6612 

„ 6... 

28 2274 

•291761 

426-55 

392*77 

27*40 

3-6688 

„ 8...i 

28 874 

*286198 

338’49 

335 ’S 4 

24*04 

3 ' 6 S 9 S 


28 42 81 

•300074 

398-56 

332*35 

31*08 

3-6659 

„ 20... 

27 40*13 

•274910 

395-18 

361*90 

26*08 

3-6654 

„ 22 ... 

26 40*5 

•252409 

37'‘72 

388*63 

19*12 

3*6702 

» 23 ••• 

27 28*1 

•270252 

320*07 

318-09 

22*55 

3*6638 

» 25... 

27 9’63 

•263230 

275*65 

286*25 

20*98 

3*6620 

„ 26 ... 

27 42*56 

•^75855 

249*75 

257*54 

22*15 

36623 

„ 27 ... 

28 7*84 

•285838 

245*96 

247*27 

23*57 

3*6641 

Average ... 


*292946 

349*63 

335-912 

25-65 

3*6656 


Second Series of Radiation Experiments. 


Date. 

Temperature 
of air. 

Temperature 
of water. 

Rise of tem- 
perature of 
water. 

1866. 

Sept. 21 

378*84 

344*95 

3*0 

390*13 

381-34 

0*32 

Sept. 22 

326*32 

334*37 

- 0*43 

360*71 

361-13 

—0*41 

Sept. 25 

330*67 

287*94 

4*05 

»> 

347*56 

326*13 

*59 

Sept. 26 

352*15 

333**2 

2*12 

377*56 

368*12 

0*70 

Sept. 27 

355-81 

347*9 

0*74 

»> 

388*0 

375*69 

*• 3 * 

Oct. 5 

376*9 

375*04 

0* 

385*8 

396*95 

-1*15 

Oot. 6 

402*94 

376*47 

2**3 

„ 

433-28 

411*33 

1*52 

Oct. 8 

3 i 9 'S 

323*5* 

—0*29 

>j 

356*02 

347*79 

0*33 

Oct. 19 

365*08 

303*94 

5*95 

»> 

398*49 

356*29 

3*57 

Oct. 20 

357*9 

344*01 

i*6i 

)) 

395*66 

377*40 

1*43 

Oct. 22 

371*24 

380*45 

-0*95 

>> 

362*7 

392*44 

^3‘i8 

Oct. 23 

297*96 

305*0 

—0*50 

n 

Oct. 25 

334-07 

329*05 

0*5 

261*67 

277*01 

— 1*26 

277*59 

294*31 

— 1*86 

Oct. 26 

233 * 3 * 

247*61 

— 1*40 

Oct. 27 

2V37 

165*97 

—0*66 

237*05 

234*85 

0*1 

»i 

25*‘*5 

257*24 

—0*65 

Average 

343*011 

3 ^ S^^S 

0*6083 
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The correction to be applied to the thermometer immersed in air as de- 

ji At iv, i, rn V, • . V 123-66-12;» 356-65+18a; 

duced from the above Table is given by ^ -j = mrka — >wnence 

1^6*74 ou*yy 

— 1*1835. It appears also that a difference beween the temperatures of 
the calorimeter and air- registering thermometer so corrected, equal to 10*822, 
gives the unit effect on the former. 

Hence the corrected indication of the air-thermometer in the second series 
of thermal experiments will be 349*63— 1*1835=348*4465, This being 
12*5345 in excess of the temperature of the calorimeter, the corrected 

thermal effect will be 25-65— ^^'^^^-=24-4917, which, aftera small further 

10*822 


correction for the immersed stem, becomes 24*512. 

The thermal capacity in this second series was made up of 95561 grains 
distilled water, copper as water 2501, thermometer and coil as water 80, 
and cotton-wool as water 200 grs., giving a total of 98342 grains. 

The equivalent, as deduced from the second series, is therefore 


i X 3-6656 [ ’ X -292946 x 33434330 x 3600 

( o*2oo2 ) 


24*512 

12*951 


=25366. 


X 98342 


The equivalents obtained in the two foregoing series of experiments are 
as much as one-fiftieth in excess of the equivalent 1 obtained in 1849 by 
agitating water. I therefore instituted a strict inquiry with a view to 
discover any causes of error, so that they might be avoided in a fresh series. 
The most probable source of error seemed to be insufficient stirring of the 
water of the calorimeter. Although agitated so frequently as forty times in 
the hour, there could be no doubt that, during any intervals of comparative 
rest, a current of heated water would ascend from the coil, and that if a thin 
stratum of it remained any time at the top, some loss of heat would result. 
I resolved therefore to use a fresh calorimeter, and to introduce into it a 
stirrer which could be kept in constant motion by clockwork. 

Another source of error which, though it would be finally eliminated by 
frequent repetition of the experiments, it seemed to bo desirable to avoid, 
was the hygrometric quality of the cotton- wool which enveloped the calori- 
meter in the second series of experiments. I therefore sought for a material 
which did not present that inconvenience. The plan finally adopted was to 
cover the calorimeter first with tinfoil, to place over that two layers of silk 
net (tulle), and to finish with a second envelope of tinfoil. 

A third source of possible error was the circumstance that the silver- 
platinum alloy, when made positively electrical in distilled water, is slowly 
acted upon, an oxide of silver as a bluish- white cloud arising from the metal, 
while hydrogen escapes from the negative electrode. On this account the 
coil in the experiments of the last series, as well as the subsequent, was well 
varnished. But it was found at the conclusion of the experiments that the 
varnish had in a great measure lost its protecting power. This circumstance 
gave me considerable anxiety : I was, however, ultimately able, by the fol- 
lowing facts arrived at after the thermal experiments were completed, to 
satisfy myself that no perceptible influence had been produced by it on the 
results *. — 

Ist. The resistance of the coils, after long-continued use had deteriorated 
the varnish, was not sensibly less than it was after they had been freshly 
varnished. 
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2nd. The coil of the 3rd series was, in the unprotected state, immersed 
in distilled water, and compared with many hundred yards of thick copper wire, 
unimmersed, having nearly equal resistance. The result showed that the 
resistance to the current was sensibly the same whether a single cell or five 
cells of Daniell in a series were used. Now, had any considerable leakage 
by electrolytic action taken place, it would have been very much less in pro- 
portion in the former than in the latter instance. 

3rd. When the coils of the second and third series, in the unprotected state, 
were placed in distilled water, and made the electrodes of a battery of five 
cells, the deflection was 40' of a degree on a galvanometer with a coil of 
1 7 inches diameter composed of 18 turns of wire. This deflection indicates 
a current of about of the average current in the thermal experiments. 
In this case the chemical action was distinctly visible, but quite ceased to be 
so when the electrodes were connected by a wire of unit resistance, so as to 
reduce the potential to that in the thermal experiments. 

4th. The coil of No. 2 series being used as a standard, that of No. 3 
series, in the unprotected condition, was immersed, first in water, then in 
oil. The resistance to the current of five Daniell’s cells was found to be 
sensibly equal in the two cases. 

Hence there could be no doubt that the loss of heat during the experi- 
ments by electrolytic action could not possibly in any instance have been so 
great as one-thousandth of the entire effect, and was probably not one 
quarter of that small quantity ; whilst in the larger number of experiments, 
when the varnish was fresh, it must have been nil. 

The coil used in the third series of experiments was made by bending 
four yards of platinum-silver wire double, and then coiling it into a spiral 
which was supported and kept in shape by being tied with silk thread to a 
thin glass tube. The terminals were thick copper wires, and the whole was 
coated with shellac and mastic varnish. The following results were ob- 
tained for its resistance. In the first three trials the current was measured 
by a galvanometer with a circle of nine turns 17 inches diameter, and in the 
last six with an instrument with eighteen turns of wire. In the first six 
there was an extra unit of resistance included in the circuit : — 


Battery. 

Unit. 

Ca- 

c,. 

c. 

Temp. 

of 

unit. 

Temp. 

of 

coil. 

Eesistance 
in terms of 
my unit. 

One cell, Daniell . . 

Mine .. 

tan 52 53 

tan 37 3-15 

0 / 

tan 37 10-6 

0 

6^-27 

62*78 

•98963 

Ditto 

»> • • 

tan 52 24.- 12 

tan 36 29*02 

tan 36 37-27 

59*03 

60*07 

*98823 

Ditto 

Jenkm’s 

tan 52 3-62 

tan ^6 6*4^ 

tan '?6 14*70 

60-88 

60*57 

•98752 

Daniell’s cell. Posi- 








tive metal iron . . 


tan 50 25*8 

tan 35 21-88 

tan 35 29-27 

5978 

60*46 

•98818 

Ditto 

Mine ... 

tan 49 48 12 

tan 34 57*36 

tan 35 5-62 

60-03 

60-30 

•98754 

Ditto 

j) 

tan 48 17-62 

tan 34 5*48 

tan 34 12-24 

60*50 

6o-88 

•98816 

Ditto 

„ 

tan 75 28 

tan 49 58*6 

tan 50 11-98 

61*27 

61*08 

•98863 

Ditto 

Jenkin’s 

tan 75 17-25 

tan 49 44*93 

tan 49 57-51 

61 96 

61-27 

•98871 

Ditto 

Mine ... 

tan 75 59-6 

tan 49 18 97 

tan 49 33 ‘o8 

69-35 

70-28 

•98820 

Average 







'98831 









The above average resistance, reduced to 18°*63 C., the mean temperature 
in the -third series, is *98953 of the Association unit, or in British measure 
32465480. 

In the third series, the experiments for the heat of the current, of radia- 
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tion, and for horizontal magnetic intensity were alternated in such a manner 
that each class occupied the same portions of the day that the others did. I 
sought in this way to avoid the effects of any horary change in the humidity 
&c. of the atmosphere, or in the magnetic force. Of the thirty experiments 
comprising each class, six were performed at about each of the several hours, 
11 A.M., 12| P.M., 1^ P.M., 4 P.M., and 5| p.m. 

The calorimeter, protected as already described, was supported on the 
edges of a light wooden frame. It was carefully guarded against draughts 
by screens coated with tinfoil placed at a foot distance. The stirrer con- 
sisted of a vertical copper rod, to which vanes, on the plan of a screw- 
propeller, were soldered at four equidistant places. The rod extended 
2 inches above the calorimeter, and was there affixed to a light wooden shaft 
2 feet long, attached at the upper end to the last spindle of a train of clock- 
wheels. The weight was 35 lbs., which, falling about 2 feet per hour, pro- 
duced a continuous revolution of the stirrer at a rate of about 200 in the 
minute. The action of the stirrer left nothing to be desired. It was started 
five minutes before an experiment commenced, and kept going until the last 
observation of the thermometer had been made. 

The experiments, as in the second series, lasted one hour, during which 
were made eight observations of the thermometer immersed in the calori- 
meter, twenty of the temperature of the air, and forty of the deflection of the 
galvanometer. 

Third Series of Thermal Experiments. 



Date. 

Deflec- 

tion. 

tan2. 

Deflection. 

Tempera- 
ture of 
air. 

Tempera- 
ture of 
•water. 

Rise of 
tempera- 
ture. 

Fall of 
weight. 

1867. 

June 28, 12.54 P.M 

28 1825 

*290024 

488*660 

494 '* 7 

251 

in. 

30 

„ 

28, 5.36 

30 56*37 

*359310 

53 ri 55 

524 214 

32*08 

26 

July 

29, 1.30 

^8 SS ’45 

•305345 

509*172 

490 13 

27*82 

27 

I, 10.30 A.M. 

29 411 

•324949 

428 8 1 

425*67 

28*52 

27 


I, 4 24 P.M. 

30 I 9'4 

.342107 

508*78 

467*214 

33 05 

26 

>> 

2, 12.45 

30 10 12 

•337891 

405 343 

45073 

25-13 

26 

>> 

2, 6.0 

30 3098 

•3474^4 

401 *822 

458*104 

24*99 

28 

„ 

4, 1.20 

31 ^ 3*4 

•372299 

516*992 

452'97 

57*98 

27 


20, 11.11 A.M. 

30 21*72 

•343170 

385*622 

394*0 

28*98 

28 


20, 3.45 P.M. 

3 ^ 37 55 

•37924* 

454**9 

430*97 

3492 

28 


22. 12.36 

32 0*6 

*390765 

482 44 

460*621 

3548 

30-5 

„ 

22, 5.21 

32 23*47 

•402470 

493*087 

498*573 

34*47 

28*4 


23, 1.7 

31 1843 

•36980 1 

465*238 

473*167 

31*27 

28 7 


24, 11.0 A.M. 

31 475 

•363299 

430*688 

448*043 

30 24 

27*9 


24, 4.5 P.M. 

30 4915 

*355900 

439 007 

470-954 

28*14 

28*2 

,, 

25, 12 15 

39 5 

*410832 

465-354 

43^45 

38 48 

29-4 


» 5 . 4-55 

33 10 

•427129 

521-569 

486*049 

39 72 

28*4 

„ 

26, 12.58 

3 ^ 33*95 

*407920 

445*009 

464 267 

33 61 

30 

>> 

27, 11.13A.M. 

33 1*6 

■422590 

391-0 

419-21 

3446 

30 


27, 4. 14 P.M. 

32 58*22 

•420777 

4181 1 

446 623 

34*09 

29*4 

Aug. 

2, 12.31 

31 5^98 

*386923 

385*876 

390*91 1 

33 'i 

30 

>» 

2, 5.18 

31 53'77 

•387325 

407-781 

422 843 

32*25 

28 

„ 

1256 

31 37 18 

•379056 

453*66 

421*948 

35*37 

29*75 

„ 

6, 1 1.18 A.M. 

26 34*35 

*250162 

439*906 

435-699 

22*32 

29*7 


6, 3.55 P.M. 

28 42*8 

•30C070 

457**45 

462*056 

25*67 

29*6 


8, 12.17 

29 29*25 

•319773 

465*586 

443*204 

29 6 

29*7 

„ 

8. 5-45 

29 39*25 

•324137 

499*874 

480*564 

29*67 

28 

»> 

9, 1.27 

29 33*2 

•321491 

478*658 

469*296 

288 

26*4 


10, 11.9 A.M. 

29 12*65 

•312625 

468-344 

455 304 

28*21 

a 7*4 

>» 

10, 3.56 P.M. 

28 14*47 

•288500 

5 19*082 

493 ‘i 36 

27*28 

28*4 

Average 


•35^7795 

< ; 8 - 69 '' 


31*02666 

28*362 
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Third Series of Badiation Experiments, 


Date. 

Temperature 
Of air. 

Temperature 
of water. 

Rise of 
temperature. 

Fall of -Weight. 

1867. 

June 28, 10.38 A.M. 

460*527 

481*990 

— 1*48 

31 

>' 3-53 r.M. 

513-687 

506*770 

0*75 

28*2 

„ 29, 11.55 A.M. 

493*088 

473*930 

508*480 

1-82 

28 

„ 29, 4 40 P.M. 

526*185 

1-88 

28*5 

July I, 1-23 

469*368 

442*114 

2*46 

27*5 

„ 2, 10.58 A.M. 

404*842 

439*790 

— 2-82 

27 

„ 2, 4*5 P.M. 

401 779 

450*930 

-4-1 

28-5 

„ 4, 11.46 A.M. 

492*210 

427*517 

5*97 

a8 

,, 4, 4.42 P.M. 

541*007 

484-927 

5*1 

26*5 

,j 20, 1 .0 

416*237 

409-044 

1*03 

18-75 

,, 22, 1 1.5 A.M. 

474*393 

439-140 

3*32 

30 

„ 22, 3.50 P.M. 

486*267 

480-106 

O'S 

28*75 

,, 23,11.41A.M. 

451*029 

456*947 

— 0*1 

28*4 

„ 23, 4.49 P.M. 

475 ‘ 3 I 9 

486113 

—0*65 

28-5 

„ 24, 12.54 

441-677 

460 780 

— 1*48 

26*5 

n 25, 10.40 A.M. 

435-863 

410-237 

2’43 

28 

„ 25, 3.27 P.M. 

S> 5‘653 

460-939 

5-03 

28-8 

„ 26, 11.29 A.M. 

441*256 

447 526 

— 0-2 

28*5 

„ 26, 4.49 P.M. 

435*776 

472-503 

- 3-0 

29 

217, 1.7 

Aug 2, 10. 55 A.M. 

404*58 

433*444 


29*8 

369*966 

374*18 

-0-15 

2975 

„ 2, 3.50 P.M. 

407 34 

406 42 

0-17 

27-8 

,5 3, II.30A.M. 

435 ‘ 8'3 

401*187 

3*24 

28*6 

„ 3 . 4-33 P-M. 

476-691 

44*-393 

2*9 

27 

n 6, 1. 15 

457-87 

447-843 

1*05 

28*9 

,, 8 , 10.46 A.M. 

442-403 

426-304 

1-68 

29 

„ 8 , 4 17 P.M. 

489*901 

463*143 

2*42 

29*7 

„ 9, 11.51 A.M. 

466 428 

453 ‘U 9 

1-27 

26*5 

» 9 f 5*37 P.M. 

490-308 

484*753 

0*66 

27*9 

„ 10, 1.20 

502*96 

472*469 

2*82 

28*6 

Average 

460-6808 

451-6356 

1-018 

28*498 


The correction to be applied to the air-registering thermometel*, as deduced 
from the radiation experiments of this third series, is found from 

= whence a?, the quantity to be added to the observed tempera- 
4u*8 

ture of the air in the thermal experiments, =2-81. The temperature of the 
air was therefore virtually 6*073 higher than that of the water. The results 
also show that the unit of effect on the calorimeter was produced by a differ- 
ence of temperature of 11*645. 

^• 07 ^ 

Hence 31*0266— — =s:30*5051 ; and adding *077 for the unimmersed 
ll*04o 

part of the thermometer stem, the corrected thermal effect in the third series 
is found to be 30*5821. 

The average capacity of the calorimeter was equal to that of 93859 grs. 
of water, being made up of 91531 grs. distilled water, 22364 grs. of copper, 
486 grs. of tin (the weight of the coating next the calorimeter), 52 grs. silk 
net (haK that employed), the thermometer, coil, and corks. 

1867. ^ 2 N 
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Deterniinntiom of Horizontal Magnetic Intensity. 


Date. 

Galvanometer 

deflection, 

e. 

Weighing by 
current-meter, 

w. 

-17676 Vw 

tan 9 


1867. 


grs. 


June 28, 1.30 p.M. 

37 

253*04 

3*68334 

» 

29, 10.50 A.M. 

26 43*06 

109*28 

y67ii^ 

>» 

2Q, ■^.‘JOP.M. 

25 12-56 

96-04 

3-67964 

July 

I, 12.25 

38 23-56 

272-35 

3-68144 

j» 

I, 5.20 

38 59*^5 

284-95 

3*68634 

j) 

2, 1.40 

38 49*94 

280-9 

3-68034 

„ 

4, 10.45 A.M. 

26 24-55 

106*25 

3*66894 


4, 3.45 P.M. 

26 10*55 

104-99 

3*68474 


20, 12 Noon. 

39 18-9 

289*875 

3-67484 

„ 

20, 4.40 P.M. 

41 11*35 

332-825 

3*68504 

„ 

22, 1.30 

41 21*4 

335*13 

3*67594 


2 “?, I 0 . 4 «: A.M. 

32 5*1 

169*616 

3-67194 

it 

23, 3.45 P.M. 

31 56-15 

168*608 

3*68224 

99 

24, 1 1. 5 1 A.M. 

39 52*95 

301-591 

3*67364 

it 

24, 5*0 P.M. 

40 24*9 

315-092 

3-68474 

a 

25, 1. 10 

41 27-95 

338*391 

3*67964 

„ 

26, 10.30 A.M. 

34 40*45 

206*658 

3*67324 


26, 3.33 p.M. 

33 25-5 

188*675 

3-67864 

„ 

27, 12 Noon. 

43 ^ 9*55 

386-0 

3*68194 

99 

27, 5*12 P.M. 

42 4^*53 

372-658 

3*68414 

Aug. 

2, 1.30 

41 25*35 

332*733 

3*67584 

j) 

3, 10.25 A.M. 

34 23*9 

198-99 

3-66464 

it 

3 i 3-33 r.M. 

33 40*3 

191-983 

3-67628 


6, 12.12 

35 9*8 

214 117 

3-67156 

»> 

6, 4.50 

37 8*1 

248-258 

3*67784 

it 

8, 1. 1 1 

37 44*55 

259-867 

3*68110 

,, 

9, 10.53 A.M. 

31 23*65 

160-708 

3*67186 

)t 

9, 4.42 P.M. 

30 43 4 

152*75 

3-67590 

„ 

10, 12.12 

36 25*4 

235*433 

3*67557 


10, 4.50 

34 49*5 

209-608 

3-67864 

' AveracTfi 1 



3-67771 


° i 




The equivalent deduced from the third series is therefore 
X 3-6777 [ " X -35478 x 324G5480 x 3600 


80-5821 

12-951 


=25217. 


X 98859 


The equivalents above arrived at are ; — 

From Series 1. Average of 10, 25335. 

From Scries 2. Average of 15, 253G6. 

From Series 3. Average of 30, 25217. 

The extra precautions taken in the last Series entitle the last figure to 
be taken as the result of the inquiry. Keduced to weighings in vacuo it 
becomes 25187. 
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OF 


MISCELLANEOUS COMMUNICATIONS TO THE SECTIONS, 


MATHEMATICS AND PHYSICS. 

Address hy the President, Sir W. Thomson, LL.D., F.E»S, 

The progress of mathematical and plij^sical science during the past year will be 
better represented by the valuable reports to be laid before this Section, and the 
lines of tnought which ha’ve originated since the British Association last met will 
be better illustrated by the papers and discussions which will constitute our or- 
dinary daily work, than by any statement T\hich 1 could have prepared. It was 
therefore my intention not to detain a on from the inteiesting subjects and abundant 
matter for discussion which will so fully occupy our time during the Meeting, by 
an introductory address. But I must ask you to b(‘ar with me if 1 modify some- 
what this resolution in consequence of a lecciit e\cnt which, I am sure, must touch 
very nearly the hearts of all present, and of a er} many in all parts of the world, to 
Avhom the name of Faraday has become a household Av^ord for all that is admirable 
in scientific genius. Having had so short a time for preparation, I shall not attempt 
at present any account of Faraday’s discov cries and philosophy. But, indeed, it 
is very unnecessary that I should speak of what he has done lor science. All that 
lives for us still, and parts of it we shall meet at every turn through our work in 
this Section. 1 wish I could put into Avoids something of the image which the 
name of Faraday always suggests to my mind. Kindliness and unselfishness of 
disposition ; clearness and singleness of purpose ; brevity, simplicity, and direct- 
ness ; sympathy Avith his audience or his fiiendj perfect natural tact and good 
taste; thorough cultivation: — all these he had, each to a rare degree; and their 
influence perAadedhis language and maimer, Avdiether in conACisation or lecture. 
But all these combined, made only a part of Faraday’s charm. He had an inde- 
scribable quality of quickness and life. Something of the light of his genius in’a- 
diated his presence with a certain bright intelligence, and gave a singular charm 
to his manner, which was surely felt by every one, from the deepest philosopher 
to the simplest child, who ever had the privilege of seeing him in his home — the 
Koyal Institution. That light is now gone from us. While thankful for having seen 
and felt it, we cannot but mourn our loss, and feel that Av^hatever good things, 
whatever brightness may be yet in store for us, that light wq can neA’er see again. 


On the alleged Correspondence between Pascal and Newton, 

By Sir David Breavster, K,H., LL.D., F.ltS., ^o. 

Sir David BreAvster said that he had received from M. Chasles several of Newton’s 
letters or notes, Avhich he supposes to be genuine. He would only read one or two 
observations tending to shoAV that this was a gigantic fraud — the greatest, he be- 
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lieved, ever attempted as donnected with science or literature. Sir David then read 
the following notes : — 1. The correspondence was founded on the assumption that 
Newton was a precocious genius, having written on the Infinitesimal Calculus &c. 
at the age of eleven, whereas he was then at school and knew nothing of mathe- 
matics, occupjdng himself only with waterwheels, windmills, waterclocks, and other 
boyish amusements. 2. There is no evidence that Pascal and Newton had any 
correspondence. Having examined the whole of Newton’s papers in the possession 
of the Earl of Portsmouth, I never found any letter or paper in wdiich Pascal is 
mentioned. 3. The letters from Miss Hannah Ayscoxujli^ Newton’s mother, bear 
this signature, although at the time they were written she was a married Avomaii 
and should ha>^e signed Hannah Smith. 4. The letters of Pascal have been found 
by M. Faugere to be in another hand, and the signature not that of Pascal. 5. The 
letters and signatures of Newton are not in his hand. G. An experiment with 
coffee is mentioned in one of the letters of Pascal, whereas coffee w^as at that time 
unknown in France. 7. All Newton’s letters are in French, a language in wdiich he 
never wrote. His letters to the celebrated French mathematician, Varignon, are in 
Latin, and Newton himself has stated that he could not read French without a 
dictionaiy. 8. The stylo and sentiments in Newton’s letters are such as he never 
could have used. lie expresses eternal gratitude to I'ascal, a word which no 
Englishman would have employed. 9. According to the correspondence, M. 
Desmaizeaux got access to Newton’s papers after his death, and cariied off a great 
many of them. Now it is certain that Mr. Conduitt, Newton’s nephew, arianged 
and examined all Newton’s papers after his death in order to obtain materials for 
a life of him, and, ha's ing failed to find a competent pt^rson to v rite it, lie under- 
took it himself, and obtained from pei>ous then alive all the information that 
existed respecting Newton’s early life and studies. All this information, which I 
have need in my life of Newton, stands in direct contradiction to the assumption of 
Newton’s precocity and early connexion with Pascal, which is the basis of the 
correspondence now exciting so general an interest. There can be no doubt, there- 
fore, tnat the letters of Newton and Pascal are audacious and elaborate forgeries, 
calculated and intended to transfer to Pascal the glory of the discovery of the law 
of gravitation and other discoveries which we owe to Newton. 


On the alleged Correspondence between Newton and Pascal recenthj communi- 
cated to the French Academy. By T. Archer Hirsi, F.li.S., F.li.A.S. 

Tlie author stated that the alleged correspondence between Newton and Pascal, 
recentlv communicated to the French Academy by the eminent geometer and his- 
torian Michel Ohasles, had taken the scientific world by surprise If genuine, it 
would follow that it is to Pascal and not to Newton that we are indebUd for the 
development of the theoiy of gravitation ; that Newton })orrow(Hl his ideas from 
Pascal, and, what is worse, basely concealed and tried to cancel all traces of his 
having thus borrowed. Charges so grave as these could not for a moment be 
entertained by Englishmen, were they not put forward bv one wliose authority is 
aclmowledged, and whose rectitude of character is beyond suspicion. 

The real histo^ of these documents appeared to be unknown to their present 
owner, nor was M. Chasles at liberty e^en to state l)v whom they were consigned 
to him. We wore deprived, therefore, of the most direct way of testing their 
authenticity, and must nave recourse to examination of the documents themselves. 
With a view of enabling us to do so, ISI. Chasles had kindly sent to Rir David 
Brewster and to the author of the present communication several specimens, in 
French, of Newton’s handwriting, all which had at once been pronounced to be 
forgeries by the eminent biographer of Newton. 

After drawing attention to several inconsistencies contained in the letters already 
published by Chasles and purporting to b^ from Pascal, Nt*vtoii, Doyle, Aiihrc{, 
and others, the author stated that the question of authent cify could only be coii- 
chisivelv decided by a careful C(>mparison of the docunienu^ >\ith the authentic pa- 
pers of Newton now in the possession of LordPoHsmouth, the Eajl of Maccle^fkdd, 
the Ro^l Society, and Trinity College, Cambridge. I his comparison would be 
much mcilitated, and, indeed, scientific literature greatly enrichect, if the owners of 
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these papers would generously permit photographic copies to be talien. The na-r 
tional manuscripts of England and Scotland have already been admirably photo- 
zincographed by Sir Henry James. The manuscripts of Newton, which arc also 
national, certainly deserve to be transmitted to posterity in like manner. 


Mathematics. 

On the Inverse Problem of Coresolvents. By the Hon. J. Cockle, il/.y!., F.P.H. 

Communicated hij the llcv. Professor 11. Ha-RLEy, F.li.S. 

Inverse problems, as is well known, present greater difficulties than direct ones. 
For instance, while it is easy to square a number, it is not so easy to extract its 
square root. Moreover, there are cases in which it is impossible to obtain a finite so- 
lution of an inverse problem. The solution of a quintic is usually considered to be 
such a case. In the theory of coresolvents it is comparatively easy to pass from 
the algebraical to the differential resolvent, but the converse does not hold. The 
finite integration of the linear differential resolvent of a given algebraical equation 
would, perhaps, be a step towards the general solution of the inverse problem. 
But that integration has not yet been effected, except in two or three special cases j 
and the definite integrals of Boole have not, that I am aware of, been converted into 
indefinite ones. In drder to take the step above pointed to, it seems to me neces- 
sary to have recourse to a non-linear differential resoh ent, to be constructed as 
follows : — The eiements of the final non-linear are three j the first is (1) the second 
differential coefficient of the dependent variable ; the second is (2) the first 
differential coefficient of that variable ; the third is (3) the square of the second 
element divided by the dependenl variable itself. The sinister of the non-linear 
resolvent is constituted by the six homogeneous quadratic products of the throe 
elements, and is the sum of those six products, each multiplied into an indeter- 
minate or conditional multiplier. Each element and each product is, as we know 
by the theory of corcsolvents, in general capable of being expressed as a rational 
and integral function of the dependent variable, of a degree less by one than that of 
the given algebraic equation. Suppose tliis last equation to bo a quartic, then 
each product, and consequently the dexter of the non-linear resolvent, can bo ex- 
pressed as a cubic function of the dependent vanabh'. Let the dexter of the non- 
linear be reduced to zero by causing the severiil coefficients of the cube, the square 
and the first power of the dependent variable, and also the absolute term, to vanish 
separately. These four conditions, while they reduce the dexter of the non-linear 
to zero, eiiable us to eliminate four of the indeterminate multipliers from its sinister. 
No elevation of dcgrc'c will arise from the elimination, for all these four condi- 
tions are linear. The coefficients of the six homogeneous quadratic products on 
the sinister will now in goiuu-al b(' homogeneous linear functions of the two un- 
eliniinated, indeterminate multipliers; and, by the solution of a cubic only, the 
the ratio of these two multipliers can bo so assigned as to cause the sinister to break 
up into linear factors, each factor being a linear and homogeneous function of the 
three elements. If we apply the exponential substitution to either of these factors 
equated to zero, the resulting final non-linear differential equations of the first 
order are of a soluble form. We have thus constructed a soluble non-linear 
differential resolvent of a general biquadiatic. For a cubic we might dispense 
with one of the homogent'ous products, and consequently with one of the indeter- 
minate multipliers ; but we should thus be led to a resulting (’ubic ; and it will be 
better to retain the whole six terms of the sinister. We shall then having only 
three conditions of evanescence to satisfy on the dexter, be able to break up the 
sinister into linear factors, as before, by means of a homogeneous cubic in the three 
remaining disposable indeterminate multipliers. Applying to this last cubic the 
method of vanishing groups, we see that its solution depends upon the solution 
of a quadratic equation and the extraction of a cube root only. In the case of a 
quaruc, the integral obtained by the foregoing processes involves two arbitrary 
constants only, and its nature and extent require further discussion. But it seems 
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that, "by means of the theoiy of coresolvents, we obtain new methods of solving 
algebraic equations up to tne fourth degree inclusive ; and although the above 
discussion aoes not embrace equations vmose degrees exceed four, it apparently 
indicates that further results may spring from the study of non-linear dinerential 
resolvents. 


A list of 5500 Prime Numbers, By W. Barrett Davis. 

On Finite Solutions of Algebraical Equations, 

By the Eev. Professor B. Harley, F,B,S, 


On a certain Cyclical Symbol, By the Bev. Professor B. Harley, F.B,S, 
The object of this paper was to explain the meaning and use of a certain symbol 
which the author had employed with advantage in dealing with circular algebraic 
functions. Some years ago, while engaged on the theory of quintics, the author 
found that in the transformation and general treatment of the higher equations 
circular functions occupy a conspicuous place, and play an all-important part ; and 
the author was led, by an attentive consideration of the structure of such functions, 
to devise a calculus, whereby operations upon them might be materially abridged. 
The author had since found that his imention had been to some extent anticipated 
by Vandermonde, in a Memoir on the Besolution of Equations, published by the 
French Academy in 1771. The author explained the difference between Vander- 
monde’s process and his own, and showed how he had succeeded lately in enlarging 
the powers of the latter. Examples were given to illustrate the \alue of the new 
symbol, not only as an abridged notation, but also, what was more important, as a 
working instrument or process. 


On a Theorem in the Integral Calculus, By Dr. D. Bierens ee Haan. 

The differentiation of an integi'al according to a constant under the sign of inte- 
gration has been extended by Hchlomilch to the case of the limits of the integral 
depending on this constant. Omitting the correction in case of discontinuity, the 
formula is 

. . . ( 1 ) 

Now an analogous formula should exist for integration under the integral sign. 
From (1), when B and r are constants in regard to p, and so the two last forms 
vanish, we deduce 


\ \ f(Py ^yix=^ I (krA y(p, x)dp, 

JP Jr Jr Jp 

for chanping the order of integration, 
vo last terms, we deduce, first, 


(2) 

that is, the theorem for chanping the order of integration. In the snmo manner, 
from (1) with the two last terms, we deduce, first, 


(3j 


and afterwards, after some transformations, 


j] Zip, =j^ ^f{p, <^p^ f(p, RKp 








( 4 ) 
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wliere 

'P(p, y)= 1>(p>y)=^f(p>yyp W 

Both formulas are of use in the integral calculus. 


Proof of the Binomial Theorem, By the late James Lindsay. 
Communicated hy W. B. Grant. 


On the Approximate Drawing of Chctdar Arcs of given lengths. 

By Professor W. J. Macquorn Eankine, LL.D., F.E.JS, 

^ This paper contains rules for use in mechanical drawing, founded on the prin- 
ciple, that if a straight line and an indefinite number of circles in one plane touch 
each other at one point, the curve which cuts off parts of a given uniform length 
from the straight tangent and from all the circles, approximates, in the neighbour- 
hood of the place where it cuts the straight tangent, very closely to a circular arc 
whose radius is three-fourths of the given uniform length. The arcs laid off 
according to the rules are somewhat longer than the exact length j but in an arc 
subtending 30° the error is only of the length of the arc j and it varies 

nearly as the fourth power of the angle subtended by the arc. 


Astronomy. 

Preparations for Observing the Total Solar Eclipse of August 18, 1868. 

By Major J. P. Tennant, R,E,, F,R,A.S., F.R.0,S»^ F,M,S, 

In January last I drew the attention of the Royal Astronomical Society to the 
Total Eclipse of 1868, August 18, which will be visible in India, and in the March 
Number of the ^Notices’ of the Society will be found a paper in which I proposed 
that the Government of India should be solicited to make arrangements for making 
use of this very favourable opportunity for examining the prominences. 

I am happy to say that, at the suggestion of the Astronomer Royal, the Secretary 
of State for India has sanctioned the preparation of an equipment, and I propose in 
this note to mention what is in progress. 

First. It is intended to photogTaph the appearances of the total phase. For 
this purpose aOl-incli silver-on -glass” reflector, equatorially mounted and driven 
by clockwork, is being prepared. The photographs will be taken in the focus of 
the speculum, and it is estimated that the exposure to produce an image of the 
prominences will not exceed half a second. Provision is being made for a consi- 
derable field, in order that, if possible, some record may be obtained of the struc- 
ture of the corona. 

Secondly. It is proposed to examine, as well as may be, the spectra of the pro- 
minences and corona. For this, one of the old collimators of the Greenwich Transit 
Circle has been kindly lent by the Astronomer Royal. It is being equatorially 
mounted in a rough way, and will be provided with a spectroscope permitting the 
observations to be referred to the lines of the solar spectrum. 

Lastly. The Astronomer Royal has lent a 42-inch telescope, mounted firmljr, to 
which is being adapted an eyepiece for examining the state of polarization of the 
lights of the prominences and corona. An arrangement is being made bj which 
one test may be rapidly changed for another, and it is hoped that in this way a 
more satisfactory result will be obtained than by any single test. 

I trust that all the instruments will be in India early in next year, and that they 
will be in position in time to allow experiments to be made, so as to secure tbo 
success of the photographic operations. 



6 


JlEPORT-— 1867. 
Light. 


On the Colours of the Soap-Buhhh, 

By Sir David Brewster, K.H., LL.D.^ F.B.S., ^c. 

The colours of the soap-buhhle have been the subject of frequent observation 
since the time of Boyle, Iiook, and Newton, and they have been invariably ascribed 
not to any colour in tlie medium itself in which they are formed, or on whose 
surfaces they appear, but solely to its greater or less thickness.” The author of 
this paper had been led to doubt the corrc'ctness of this opinion, and while re- 
peating the beautiful experiments of Profes.-or Plateau On the Equilibrium of 
Liquid Films,” he was led to discover the true cause of these colours, whetlu'r they 
are observed on the soap-bubble or on plain', com t‘X, and concave films stretched 
across the mouthf- of closed or open ^esseh. 

The paper, A\hich is illuhtrated vith numeious coloured drawings, is divided into 
five parts. 

1. On the plienomena of colour in a 'viufical plane film, 

2. On the production of revoking systems of coloured rings on the soap-film. 

On the form and movements of the bands and rings on convex and concave 

films. 

4. On the phenomena produced by different solutions. 

5. On the origin and development of the colours of the foap-biibble. 

In these sections the author has shown that the colouring-matter of the soap- 
bubble is secreted fi*om the soap-solution v hen reducc'd to the state' of a film ; 
that it rises to the highest point of the' film in colourless portion'-, in the feniii of 
tadpoles, which pass into molecules in every possible euder of ceiloui , and then take 
their proper place in the coloure'd bands ; that these' bands me)V(' ove'r the' surface 
of the film undc'r the influe'nceof gravity, and maybe blenvn inte) fragments or into 
mol-ecules of all colours, or e^en recombined with the film ; that they may be blown 
into two systems of coloured rings, the one revoking from right to left, and the 
other from loft to right ; and that under the the influence of the centiifugal force, 
these molecules are carried into their place in Newton’s scale — those of the first 
orders going to tlie centre of the rings, and followed by those' of Irigher orders that 
happen to be in the film, when it is blown upon through a tube in the direction of 
a diameter. 

It is impossible,” the author <^.dds to comey in language an adequate idea of 
the molecular mo\emeuls, and the brilliaiiT clnoniativ* phenomena exhibited on the 
soap-films, and it is equalk impossible for art to delineate them. The visible secre- 
tion of a colourless fluid from a film less than the twelve thousandth of an inch in 
thickness, —its separation into portions of every possible colour, — the quick passage 
of these portions into bands of the different orders in Newton’s scale, — their ever 
varying forms and hues when the bands either break up spontaneously, or are 
forcibly broken up, — their conversion into revolving systems of coloured rings under 
the influence of a centrifugal force, — their various motions when the film is at rest, 
and protected from aerial cuiTents, — their recombination into a colourless fluid 
when driven to the centre or margin of concave and convex films, and their reab- 
sorption by the film by means of mechanical diffusion, are facts constituting a 
system of visible molecular actions, of which we have no example, and nothing 
even approaching to it in Physics.” 

On the Fiyures of Eg uilthnum of Liquid Flhns. 

By Sir David Brewster, K.H,, LL.D., F.li.S., c|*c. 

In repeating some of the experiments of Professor Plateau, described in seven 
interesting memoirs published in the Transactions of the Belgian Academy, and 
in prosecuting his own experiments on the colours of the soap-bubble, the author 
of tliis paper observed several new phenomena which may have escaped the notice 
of the Belgian philosopher. 

Professor Plateau has described and drawn the beautiful systems of soap^fllms, 
obtained by lifting from a soap-solution a cube made of wires about one ana a half 
inch long. This system is a polyhedron, composed of twelve similar films stretch- 
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from the wires, and united to a plane quadrangular film in the centre. When 
this vertical film was blown upon, M. Von Rees observed that it was reduced to 
a line, and then reproduced in a horizonfal position, from which it could be blown 
again into a vertical position. 

If we suppose the quadrangiilar film removed, and all the twelve films radiating 
ffom the centre of tlu' ciib(', Professor Plateau found that such a system could not 
be kept in equilibrhnn, unless there was something solid in the central point, such 
as the end of a wire or a drop of fluid. 

In repeating these experiments the author found that, after converting the hori- 
zontal into the vertical quadrangular film, and continuing the blowing, he produced 
the radial system of films, Avhich in an instant returned to the system with a vor- 
tical film, and then into the system with the horizontal film. 

M. Yon Rees had found that, by immersing the wire cube with the normal poly- 
hedron a few millimetres in the soap -solution, the film formed on its lower face, 
imprisoned the air in the quadrangular pyramid above it, and tliat this air rose to 
the centre of the cii1)e, and replaced the quadrangular plane with a hoUow cube 
witli curved faces. 

In this beautiful experiment tlie hollow cube is invariable in size, being neces- 
sarily equal in its contents to one-foiirtb part of the wire cube. The author of the 
pi'es(mt paper discovered a nu'thod of inseiding a hollow cube of any magnitude in 
the eeiitre of the polyhedron This was done by blowing a bubble of the requisite 
size, and introducing it within the wire cube, fie succeeded also by this means in 
inserting a second hollow cube he.'.ide the first, the side common to both being 
])hine when the two cubes v't^re equal, convex when the one was less, and concave 
when it was greater than tlu* other. In such a system, which is in perfect eqiiili- 
hriuni, numher of films is nmetcen. He found also that two hollow solid figures 
could, by the same means, be ins(‘rted in the other systems of films which Professor 
Plateau had discovered in a wire tetrahedron, or a quadrangular pyramid, or a 
regular octahedron, or a rectangular prism, or in a system obtained from two rectan- 
gular planes fixed at right angles to each other. 

^J'his last and interesting s} stc*m consists of four curved films extending from each 
vertical wire, and coiiiu‘cted with an elliptical film in the common section of the 
rt‘ctauglos. The major axis of this film is four times greater than its minor axis, 
and it is placed in the angle, which is a little greater than 90°, but sometimes also 
in the other angle. 

By making this system of wires moveable, so that the rectangular planes can pass 
from 90° to 180°, the author obtained some singular results. As the angle increased 
from 90°, the minor axis of the elliptical film increased, till when it approached to 
180° it was nearly circular, appropriating gradually the fluid of the four curved 
films attached to the wires. 

By again diminishing this angle the almost circular film became more and more 
elliptical, till it readied its normal state at 90°, giving back to the curved films the 
fluid wliicb formed them. If the angle of the rectangular plane which contains 
the elliptical film is diininisbed, the lilm will grow more elliptical, and at 45° will 
become a straight line, giving up its fluid to the other four films. At this instant 
the whole system changes, the oval film being reproduced in the angle of 135° I 

Remarkaole as this phenomenon is, there is one still more remarkable, which 
roquiies the testimony of tlie eye to make it credible. If when the rectangles are 
inclined 00° we blow upon the elliptical film a bubble of such a size as to replace 
the system of films with a hollow curvilineal cube, and wait till it bursts, the system 
of liqidd flms which it c.tpelled inll f'capjwm'^ as if it had left its ghost behind it to 
recover the elenicjits ichich the lalhlc had appropriated I 

By uniting the upper and lower ends of all the wires in this system, and also by 
uniting the wires at various points in their length, the author obtained a number 
of beautiful and complex sytotenis of films, wliich require numerous diagrams to 
make them intelligible. 

After treating of the equilibrium of liquid films, as seen in the union of spherical 
bubbles and other hollow solids, the author considers the formation of plane, con-^ 
vex, and concave films upon the mouths of open and closed vessels of different 
shapes, and their deposition on the same vessds from hubbies j and he describes 
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various remarkable movements of the films, upwards and downwards, when they 
are formed upon conical vessels open at both ends. 


Notice respecting the Enamel Photographs executed hy Mr. M^Raw, of Edin^ 
hurgh. By Sir David Brewstek, K.H.^ LL.D.y F.R.S., ^c. 

In order to give permanence to photographs, various attenmts have been made to 
bum them into glass or porcelain. M. Joubert and M. Lafon-Camersac some 
time ago produced very fine pictures by this process ; and more recently, M. Ober- 
metter and M. Grune, of Berlin, have been equally successful. Our countryman, 
Mr. William M^ltaw, has also succeeded in obtaining very excellent pictures, which 
will bear comparison with those produced by the best foreign artists, and he has 
requested me to exhibit specimens to the Section. Mr. M‘Ilaw believes that his 
process is similar to that of Cainersac, which is kept secret, and he claims no other 
merit than that of being the first British artist wdio has succeeded in this branch 
of photography. II is pictures are produced in any enamel colour, and although, 
before they are fired, they can be rubbed off like daguerreotype, yet the burning 
fixes them imnioveably, while the fusion of the picture gives it its characteristic 
transparency. From some experiments w^hich he has already made, Mr. M^Raw is 
sanguine that the pictures may not only be produced in monochrome, but that they 
may be simply tinted and finished with the various colours burned in. Although 
the specimens are chiefly on glass, yet they can be transferred to any surface or sub- 
stance that will stand the firing, such as enamelled copper articles of porcelain. 

On the Motions and Colours upon Films of Alcohol, Volatile Oils, and other 
Fluids. By Sir David Brewster, K.H., F.R.S., 4'c. 

In a paper On the Phenomena of thin Plates exposed to Polarized Light, 
published in the Philosophical Transactions for 1841, the author observed certain 
motions and colours upon some of the volatile and fixed oils, the cause of which he 
did not attempt to discover. Their apparent similarity to the molecular movements 
and colours, described in a preceding paper, induced him to resume the subject. 

^ When a drop of alcohol is placed upon an aperture the fifth of an inch in 
diameter or less, a concave lens will be formed upon it. As the alcohol evaporates, 
a verv small plane film vnll appear in the centre, and 'vvill gi’adually increase till it 
fills the aperture. If held in a vertical or e^ en inclined position, and examined by 
transmitted light, a current of fluid, without colour, v ill be seen issuing from the 
margin of the film, mo's ing quickly to different parts of its circumference, some- 
times dividing itself into two currents dancing opposite one another, and then ex- 
tending iiito secondary currents in constant motion. Similar currents are produced 
upon various alcoholic solutions and a large number (seventy to eighty) of volatile 
oils, &;c. 

If we now examine the film by reflected light, the principal and secondary cur- 
rents will be seen as before, but accompanied with systems of coloured rings of 
great beauty, shifting their place on the him, sometimes in rotation, expanding and 
contracting quickly, and changing their form and colour. 

In small films there is often only one system of rings contracting and expanding 
with a constant variation of the central tint. In general, how^ever, there are tw^, 
three, or several systems — each system being produced by a secondary current 
giving motion to the coloming-matter on the surface of the film. In some cases 
the motions and colours disappear, the film becomes colourless, and tadpoles issue 
from its margin as on the soap-bubble j but in general the film bursts before this 
takes place. The colourless currents and* the colours into which they expand are 
supposed by the author to have the same origin as those upon the soap-bubble. The 
paper was illustrated by drawings of the currents and of the systems of rings. 

On the Radiant Spectrum. By Sir David Brewster, K.H., LL.D., F.R.S., 

^ I have given the name of Radiant Spectrum to a phenomenon which I discovered 
in 1814, and which I described to the Royal Society of Edinburgh in the early nart 
of that year. ‘ ^ j r 
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It will be understood from fig. 1, which represents the brilliant radiation which 
surrounds a very small image of the sun, when it is formed either by reflection 
or refraction, or otherwise. 


M 




If we now form a spectrum of this radiant image, either by a prism or by dif- 
fraction, we shall have the radiant spectmm shown in f g. 2, where MN is the 



10 


REPOKT — 1807. 


spectmui of the small drctilar image S, and AB the spectrum of the radiation, the 
centre of which is beyond the violert, and nearly in the place where the intensity 
of the chemical or invisible rays is a maximum. 

In order to analyze this compound radiation, let the image of the sun S, fig. 1, 
be taken from homogeneous red light B, fig. 3, and refracted by the prism, and we 
shall have its radiation ab at a little distance from the bright portion K, as in fig. 3. 
In homogeneous yellow light ( Y, fig. 4) the radiation ah will be at a greater distance 
from Y than in the red light. In homogeneous violet light (V, fig. 5) the radiation 
ah will be at a gi’eater distance from Y than in the yellow light. 

If we now refract laterally these homogeneous radiant spectra, fig. 3 will be 
changed into fig. G, fig. 4 into fig. 7, and fig. 5 into fig. 8, thus proA ing that the 
radiant portion of the spectra consists of ra^ s more refrangible than the portion BY 
and V from which it is derived, and that the difference between the rofracti\e in- 
dices of these portions increases with the refrangibility of the rays at BY and V. 

The compound spectrum MN, AB, fig. 2, is therefore composed of all these sepa- 
rate spectra, and il* we refract it later.ill\, as shown in fig. i), we produce the 
oblique radiant spectrum M'N'A'B', thus pio\ing that the radiant image consists 
of rays more refrangible than the homogeneous light from which il is derived. 

In a rude experiment -^ith a prism of flint glass, whose mean index of refraction 
was l‘o9G, the index of the extreme violet was 1‘GIO, and that of the centre of the 
radiant image 1 *(j40. 

In the preceding experiments the radiation is produced by the action, on the 
retina, of tlie small and bright image of the sun ; but the same lesults are obtained, 
and more distinctly exhibited, by placing a surface ol finely ground glass either on 
the front of the prism, or behind it, and near the eye. 

The existence of a radiant image bejmnd the violet end of tlu‘ spectrum, as in 
fig. 2, is a fact difficult to explain. I ha\e had an opportunily of describing, or 
showing it to several distinguished philosophers — to the Maiquis Laplace and M. 
Biot in the autumn of 1814, and more recently to others, b;s some of whom the 
experiments have been repeated, but no explanation of them has been sug-gested, 
excepting the untenable one that the separation of tlu' radiant image from the 
ordinary spectrum might be the result of parallax. 

A better theory, and one of gr(‘at ini crest, if true, may bo sought in the pheno- 
mena of fluorescence, discovered in sulphate of quinine b> Sir JoJjii Herschel, and 
in fluor ^ar and other substances by myself, and in the beautiful explanation of 
them b}^ Professor Stokes. In this theory the iin isiblo radiation of llie chemical 
rays is rendered visible by being scattered b;s granular surfaces, just as tht^ invisible 
chemical rays in the ordinal y spectrum are leiideied 'si^ible h} being reflected and 
scattered by the particles of fluorescenit bodies. 


On the Tmw 8 of Symmetry of OrystalJine Forms. By A. B. Cattox. 


A contribution towards the expression of the anyle between the Optic axes of a 
Crystal in terms of the anyles between the faces. By A. B. Catton. 

On the Theory of Double Infraction, with special reference to the influence of 
the Matericd Molecules on the propayation of Li yht in Crystals, By A. B. 
Cation. 


On a Mechanical Means of prod iiciny the differential motion required to equa- 
lize the focus for the different planes of a solid. By A. Claudet, F . It . S ^^ 


A New Fact of Binocular Vision, By A. Claudet, F,li,S, 


Photoyraphic Portraits obtained by Sinyle Lenses of Rode C7qfstal and Topaz, 
By A. Ceatjdet, F.R,S, 

♦ See Proceedings of the Koyal Society, 1807. 
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On a Ueal Image Stereoscope, By J. Clerk Maxwell, M.A.^ F^BB, 

In all stereoscopes there is an optical arrangement, by which the right eye sees 
an image of one picture and the left eye that of another. These images ought to 
he apparently in the same place, and at the distance of most distinct vision. In 
ordinary stereoscopes these images are virtual, and the observer has to place his 
two eyes near two apertures, and he sees the united images, as it were, bmiind the 
optical apparatus. In the stereoscope made for the author by Messrs. EUiott 
Brothers the observer stands at a short distance from the apparatus, and looks with 
both eyes at a large lens, and the image appears as a real object close to the lens. 
The stereoscope consists of a board about '2 feet long, on which is placed, first, a 
vertical frame to hold the pair of pictures, which may be an ordinary stereoscopic 
slidf', turned upside down ; secondly, a sliding piec(‘ n(‘ar the middle of the board 
containing two lenses of 0 inches focal length, placed side by side, with their centres 
about 1 j inch npart ; and thirdly, a frame containing a large lens of about 8 
inches focal length and o inches diameter. The obser\er stands with his eyes 
about 2 f('et from the -large lens. With his right eye he sees the real image of the 
left-hand picture formc'd b^ the left-hand lens in'thf' air, close to the largo lens, 
and with tin' hTt eye lu‘ sees the r('al image of the other picture formed by the 
other lens in the same phve The united image s look lik'' a real object in the air, 
clos(‘ to the large h ns. This imagi' ma\ b(‘ magnified or diminished at pleasure by 
sliding the piece' containing the tv>o hmses nc'auT to, or f urth or from, the pictures. 


Ecjxrunenis on Lite lAnnuiosUy of Fhosplioros, By J. Mofiat, il/.D, 


Heat. 

On some Bethuilons hy Dr. Tyndall from lih recent Eapernnents regarding 
the Radiant and Absorptive Properties of Vapour in the Atmosphere. By 
11. Bussell. 

After referring to the importance of Prof. Tyndall’s researches on heat as a mode of 
motion, the author took exception to some' of his deductions on the influence which 
the vapour of water exerts in modifying the intensity of solar and terrestrial radia- 
tion. The author stated that he "ind come to the conclusion that the radiant 
powers of the vapour of water in the atmosphere weie not even capable of forming 
clouds, though they might be capable of forming mists in valleys. In our atmo- 
sphere he believed that the vapour of water has little power of transmitting its 
heat into space when it approaches or reaches the dew-point, and that if any cloud 
had been caused by the radiation of heat into space, its upper surface would be flat, 
like the mists in the meadows before sunrise. Those and other reasons led him to 
the conclusion that the radiation of vapours into space has, directly, a very slight 
influence on the production of rain. 

On a New Telegraphic Thermometer, (fhd on the Apjdication of the Principle 
of its construction to other Meteorological Indicators. By C. Wheatstone, 
F.R.S., D.C.L., LL.D., 6^r. 

The telegrE^hic thermometer which I constructed in 184fl, and which is de- 
scribed in the Beport of the Tliirtoenth Meeting of tho British Association, depended 
on the simultaneous actioii oi‘ two isochronous chronometer or clock movements— 
one at the remote station regulating the motion of a plunger in the bore of a ther- 
mometer, and the other at the near or observing station, marking, hj the motion 
of tho needle of a galvanometer, the moment at which the contact or the plu^er 
with the mercury of the distant thermometer completed or broke the circuit. The 
clock movements required to bo periodically wound up, and therefore the affected 
instrument could not be left to itself for an indefinite time. 

There arc, however, many situations in which it might be desirable to have 
meteorologic indications when the instruments would not be accessible for veiy 
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lonff periods. I have therefore devised a new class of telegraphic meteorometers 
which shall be independent of clockwork, and may remain in any situation of diffi- 
cult access as long as the instrument endures. This principle is applicable to all in- 
struments which indicate by means of a revolving hand, and I have already devised 
its application to a Breguet’s metallic thermometer, an aneroid barometer, and an 
hygrometer, depending on the absorption of moisture by a thin membrane. It is also 
applicable to a oar-magnet in a fixed position, and to a variety of other indicators. 

The apparatus consists of two distinct instruments, connected only by telegraphic 
wires: tne first I will call the questioner (A) ; the second, the responder (B). 

The questioner (A) is a rectangular box presenting externally a circular dial face, 
round which are engraved the degrees both of the Fahrenheit and Centigrade ther- 
mometric scales ; the foimer ranging from 20° below zero F. to 220° above that 
point, and the latter from 0° to 110° C. It sliows besides three binding screws for 
the purpose of connecting the telegraphic wires, and a handle which causes the 
rotation of the armature of a magnetomotor in the interior. This magnetomotor 
is similar in its construction to that employed in my alphabetic magnetic tele- 
graph ; a soft iron armature rotating before the four poles of the magnet occasions, 
when the circuit is completed, alternate currents of equal intensity. The box also 
contains a small electromagnet which acts by means of mechanism similar to that 
employed in the indicator of the aforesaid telegraph, and causes the revolution of 
the index of the dial. 


The responder (B) is a cylindrical brass box which presents on its upper surface 
a similar dial with its thermometric scales and index j at its base three binding 
screws, corresponding to those of the questioner, are fixed for connecting the tele- 
graphic wires, and it is furnished with a brass cover that it may be hermetically 
sealed when lowered in the sea or buried in the ground. Its interior contains three 
essentially distinct parts : — I . The metallic thermometer, which consists of a spiral 
ribbon of two dissimilar metals, with its hand capable of ranging through the ex- 
tent of the circular thermometric scale of the dial. 2. A small electromagnet, 
acting by means of a propelment on a disk, making as many stops in one rotation as 
there are half degrees on the scale. 3. An axis, to which is fixed a delicate spiral 
spring which causes a pin to bear lightly against the hand of the thermometer, 
however it may vary in position. 

The two instruments are connected by means of two telegraphic wires. The 
first proceeds from an earth-plate at the near station, passes through the coil of the 
electromotor in A, joins the coil of the small electromagnet in B, and then pro- 
ceeds to another earth-plate at the distant station. The second wire is perma- 
nently connected with the first between the earth-plate and the coil of the mag- 
netomotor, and includes that of the electromagnet in B, and its opposite end is 
brought close to the remote end of the first wire. The mechanism is so disposed 
that when the first wire is disconnected from its earth terminal it is brought into 
circuit with the second wire. 


By this arrangement, when the dial of A is brought to 0° and the handle turned, 
at the first moment the circuit is completed through the first wire, containing the 
coil of the electromagnet in B, and the return earth. A disk is thereby caused to 
revolve in an opposite direction to the graduation of the scale, until a pin, originally 
starting from 0°, comes into contact witli the pin pressing against the thermometer 
hand, and thereby completes the circuit of tlie second wire and breaks the connexion 
with the earth-plate. At first only the electromagnet in B is acted upon, but 
when the currents are diverted into the new channel, both the electromagnets 
act simultaneously. In consequence of the action of the electromagnet in A the 
hand of its dial passes over a space corresponding with that between 0° and that 
indicated by the thermometer, and the hand of the dial ultimately accords with 
that of the distant thermometer. When the hand of the dial on A comes to rest, 
the disk in B arrives at 0°, and a catch permits the spiral spring to unwind itself, 
and its pin flies to and presses against the thermometer hand. 

It must be observed that instruments thus constructed are not capable of mark- 
ing every possible gradation j but they may be made to indicate divisions of the 
scale of any required minuteness. It is advisable to limit the extent of the scale 
when more minute divisions are deemed necessary. 
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The only circumstance that can aflPect the accuracy of the indications of the iii- 
strument is this. The pin pressing against the thermometric index displaces it a 
little, and causes it to assume a position about a degree in advance ; but as this 
pressure is a constant one, the inconvenience is remedied by a slight corresponding 
shifting of the scale. 


Electricity, Magnetism. 

On the Electric Induction of Mr, Hoojoer'^s Insulated compared with 

Gutta-‘Percha Insulated Wires, for Telegraphic Cables, Bg William 
Hooper. 

The author referred to the relation existing between the different properties of 
insulated wires arising from induction. He showed by an extensive series of ex- 
periments that an intimate connexion exists between the effects of electrification 
and electrostatic induction, and that the penetration of electricity into the substance 
of an insulator, when measured by the residual discharge, is a function of the electro- 
static capacity, and not simpl}^ of resistance. He has also shown that the effects 
of electrification are increased nearly in the same proportion as the interior induc- 
tive action is reduced. 


On a new form of Byimmo -Magnetic Machine, 

By William Ladd, F.KA.S. 

Siemens and Wheatstone have shown that the residual magnetism left in soft 
iron, after being under the influence of a battery, or permanent steel magnets, can 
be augmented from the currents generated by itself, by merely applying dynamic 
force to the revolving armature containing a coil of copper wire, tne terminals of 
'which are connected wdth the wire surrounding the electromagnet, but although 
gi’eat effects were produced in the electromagnet, tlie current itself could only be 
made available by its partial or total disruption — in the former case diminishing 
the power of the electromagnet, and in the latter reducing it to its normal condition. 
The author has constructed a machine, in wdiicli the power of the electromagnet is 
k^t up, whilst a separate current, to be applied to any useful puiyjose, can be drawn 
ofi by means of an independent arrangement. The machine consists chiefly of two 
plates of iron ; to both ends of each plate is fixed a portion of a hollow cylinder ; 
these plates are then placed a certain distance apart, and insulated from each other, 
in such a manner that the cylindrical pieces form two hollow circular passages j into 
these spaces two Siemens’s armatures are placed. 

The plates are suiTounded by coils of stout copper wire connected together, 
the two terminals being brought into connexion wdth the commutator of the 
smaller armature, so that each change of polarity in tlie armature will augment the 
power of the electromagnet. When the machine is first made, it is only requisite 
to pass a current from a small voltaic cell for an instant, to give the iron a polarity, 
it wiU then retain a sufficient amount of magnetism for all future work. 

If the armature in connexion with the electromagnet is made to rotate, there 
will be a very feeble current generated in it ; this, passing round the electromagnet, 
will increase its power with every additional impulse. It will thus be seen that 
the only limit to the power of the machine is 'the rapidity with which the arma- 
ture is made to rotate, which is entirely dependent on the amount of dynamic force 
employed j but the great irapro^ emciit in this ipachine is the introduction of the 
second armature, which, although it takes off very powerful currents generated in 
its wire by the increased magnetism, does not at all interfere with the primary 
current of the electromagnet. The machine exhibited in the Paris Exhibition 
measures about 24 in. in length, 12 in. in width, and stands 7 in. high, which, 
not'withstanding its imperfect proportions, is capable of keeping 66 in. of platinum 
wire, *01 in. diameter, incandescent, when a small voltameter was placed in circuit 
would give off 250 cubic centimetres of gas per minute j and in connexion with an 
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electric wjgulator would yield a light equal to about 35 Grove’s or Bunsen’s elements, 
the driving-power expended being less than one horse. 

1 have also constructed another form of machine, on the same principle as that 
described above, but instead of having two independent armatures running in sepa- 
rate grooves, they are fixed end to end, so as to appear lilce one continuous arma- 
ture, but so placed with reference to each other that their magnetic axes shall bo 
at right angles. By this an*angement there is only one opening required for the 
armature, enabling full advantage to be taken of the horseshoe form of electro- 
ma^et. The shoes of the electromagnet and armatures m’e so proportioned to 
each other that there is an actual break in the magnetic circuit with reference to 
each armature alternately, but bj^ their disposition at right angles there never is an 
actual break in the complete ma^-netic circuit ; simply a shifting occurs of the prin- 
cipal portion of the magnetic force from one armature to the other at the precise 
moment required to produce the best efTi'ct. The mechanical advantages to be ob- 
tained hy this disposition of parts must be at once obvious, as one pair of bearings 
and a set of driving gear are dispensed with, and from the fixing oi the two arma- 
tures together tlie currents are made to flow perfectly isochronous with each other. 
It may be found advantageous to vary the angle of position of the armatures witli 
reference to each other, according to the sp(‘ed at wliicli they are driven, so that the 
current given offbv the exciting {irmaliire may at the precise momcmt exert its full 
effect upon the electromagnet, and thus produce the ])est efiect in the second ar- 
mature. 


Oil a Mafjneto-Electtic Machine. Btj Willi vjl Ladd, FdLA.H. 


On the Phenomena which occur when BLKjnctlztd Steel is dissolved in Acids. 
By Dr. T. 3^. Piiipsoii. 


Notice of a proposal to illmninate Beacons and Buoys hy Electricity, conveyed 
IdiTOWjli Sidjinarine Wires competed ivith the Shore. By T. 8t7]vexsox, 
F.It.S.E., M.I.C.E. With a description of the Lid uction-Sparlc Apparatus 
used for this imrpose in the first e.rperiments made for the Northern Liyhts 
Board, also the Electrical Apparatus recently desiyned for the Northern 
Lights, hy C. W. Siemens, F.E.S. 

The great expense of such lighthouses as the Eddystone and 33ellrock has rendered 
it necessary for the sailor to he contented in many places of danger with a simple bea- 
con or floating buoy, which, being invisible at night, ceases to be useful at tlie 
very time of all others When a guide is most needed. Yanous expedients foi’ light- 
ing those sea-marks, such as cainphiue lamps and phosphorescent oils capable of 
emitting a dull light in tlie dark, have been proposed. In January 1854 I pro- 
posed in Trans. Iloy. Scot. Soc. Arts to lay gas-pipes between the shore and tlie 
beacon and submarine electric wires for iliuminating a lantern placed in a beacon 
or buoy.” As stated in that paper, liowinm*, 1 dismissed such schemes from my 
mind ; for independently of many other difficulties attending them, they are open to 
one ground of objection, which, at least in the present state of our knowded;>(^, 
seems insm’mouutable. This is based on what may be called an axiom in liiilit- 
house engineering, viz. that it is better to exhibit no light at all than one wliicli 
is liable to be often extinguished.” 

Under these circumstances I at that time suggested an entirelv diflerent method 
of illiuninating beacons, namely, a beam of parallel rays of light projected from 
the shore upon optical agents placed upon the beacon at sea, and capable of 
spreading the rays over any required angle in azimuth, so as to produce a mock or 
apparent light. This metliod has been in use at Stornoway Loch without any 
accident or failure for the last fifteen years. There are, however, certain places 
where this apparent or mock light is not very suitable, owing to the primary light 
and reflected light being nearly in line. This consideration, coupled vdth tne im- 
provements which have subsequently taken place in electrical appliances, led me, 
m 1865, in a report to the Northern Lights Board on the magneto-electric light, to 
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roTert to my former proposal of leading electricity through wires for the illumina- 
tion of beacons and buoys at sea. 

For such a purpose neither Holmes’ nor Wilde’s light could be employed, as they 
are produced oy the rapid consumption of carbons, and reij^uire the employment of 
lamp machinery, which, though to a large extent automatic, involves the constant 
presence of a lightkeeper in the lantern. I therefore resolved on employing the 
simple electric spark, either by itself or in vacuum tubes. After consulting with 
my friend Professor Swan, who suggested the combination of the Leyden jar with 
the induction-coil, experiments were made, and in an interim communication to 
the Scot. Soc. Arte on iJith January 18G(J, I was able to r^oi't that, by means of 
four Bunsen cells, an induction-coil, and a Leyden jar, I had succeeded with a 
simple unaided spark placed in the focus of lightliouse apparatus, to produce an 
edect at the distance oi about half a mile, which was in all respects satisfactory.” 
The light might have been seen much further but for the intervention of obstructions 
to the view. 

The Commissioners of Northern Lights, on the recommendation of Messrs. Ste- 
venson, in their report of 1st February 18(36, procured, with the sanction of the 
Board of Trade, a suhmai'ine cable from Messrs. Siemens of London, but as the 
cable was not suitable for this kind of apparatus, the current could* not be passed 
under the water* Messrs. Stevenson then reported to the Board that, as Mr^ 
Siemens had thought of a different form of apparatus, he should be employed to 
furnish one. This beautiful arrangement is now exhibited, and Mr. Siemens bas 
kindly sent me a description of its different parts, which I shall afterwards read. 

While Mr. Siemens was engaged with this instrument, I received many impor- 
tant suggestions as to the induction-spark apparatus. Mr. Brebner, C.E., sug- 
gested that the induction-coil should he placed on the beacon, while the break and 
batteries should be on the shore. Dr. S. Wright recommended that, instead of one 
largo coil, several coils of small intensity should be used ; and Mr. Hart, who con- 
ducted all tlie experiments, and to whose untiring zeal is mainly due whatever 
amount of efficiency the induction-spark apparatus may possess, added a new con- 
tact breaker with two magnets and a double break. 

By means of these improvements the light was kept in action during a week at 
the expense of about 2 shillings for 16 hours, with a current passing through a wire 
8(30 feet long. Tlie light so produced, as viewed from the sea ami elsewhere, was 
perfectly .sufficient for the purpose required. It may be added, that of all the 
metals which 1 have tried a wire of bismuth produced the brightest spark. The 
effect might, perhaps, be also increased without using, additional cells, if the same 
cuiTents could be agaiu utilized so as to generate a second spark in the focus. 

There can be no doubt that a sufficient light can be obtained either from the 
induction-spark or from the arrangement of Mr. Siemens, to be afterwards described. 
Beacon lights, which are needed for pointing out local dangers, do not, of course, 
require to be of the great power which is needed in lighthouses for illuminating 
the ocean. In determining which of the two lands of apparatus should be pre- 
ferred, the point turns upon which is likely to be llie most certain in its exhibition. 
Each method has its own peculiar ad\ antages and disadvantages. In the induc- 
tion-spark apparatus the contact breaker is on the shore and under control, but, on 
the other hand, the coils may perhaps not last long. In Mr. Siemens’s apparatus the 
products of combustion may perhaps affect the efficiency of the optical apparatus, 
and the moving parts are at sea and beyond control. Nothing but a continuous 
trial for some length of time can determine which is the preferable. It is to bo 
hoped that one or other may pro^ e suitable, for the conveyance of electricity from 
the shore to outlying rocks promises to form a new ana most important era in 
maritime illumination. The time, indeed, may not be far distant when such a 
navigation as the entrance to Liverpool wall be as clearly defined at night as in the 
davtinie, by the illumination of its beacons and buoys by electricity. 

Mr. Siemens’s apparatus was worked by twenty cidls, while the induction- wiaik 
had only six, but wlien fully equipped, it will be" worked by eighteen cells. Each 
apparatus was shown in the focus of a Holophote, the former producing the most 
powei’ful flash. 
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Mr. C. W. Siemens, F.R.S., of London, having been asked by Messrs. Stevenson 
for suggestions as to the best means to be adopted for carrying out Mr. T. Stevenson’s 
propoE^ for producing a flashing light upon a beacon, by means of a land battery 
connected to the beacon through a submarine cable, embodied his views in a letter 
addressed by him to Messrs. Stevenson on the Ist October 1866. After reviewing 
the objections to other methods, he recommended the application of the extra- 
current together with a self-feeding mercury contact, as the only practical method 
in which the flash is not destroyed by electric charge of the connecting cable. Mr. 
Siemens having been authorized ^by the Northern Light Commissioners to con- 
struct an apparatus in accordance with his views, has submitted the same to a suc- 
cessful trial. 

The apparatus upon the beacon or buoy consists of a heavy electromagnet, the 
coils of which are permanently connected with the conducting wire of the cable on 
the one hand, and with a contact lever on the other hand, which contact lever is 
actuated by the armature of the electromagnet in the manner of a nefts hammer. 
The circuit with the battery (consisting of from ten to twenty Bunsen’s elements) 
on land is completed through the sea. When the current has had time to excite the 
electromagnet sufficiently for it to atti*act its heavy armature, the motion of the 
latter breaks the circuit, which breakage is accompanied with a spark proportionate 
to the accumulated magnetism, and^ in some measure also to the capacity of the 
cable, which in this apparatus does not destroy, but rather assists the efiect. The 
luminous effect is increased by a slight combustion of mercury, which latter is con- 
tinually renewed by a circulating pump worked by the annatiire, by which ar- 
rangement a good and permanent contact is ensured. 


On a Self-actzncf Electrostatic Acczimulator, 

By Sir W. Thomson, LL,D., FJLS, 

The apparatus described in a recent communication to the Roval Society, en- 
titled a Self-acting Apparatus for multiplying and maintaining Electric Charges, 

with applications to illustrate the Voltaic Tmeory,” was exhibited in action. Both 
Leyden jars being at first discharged as completely as could be done by keeping 
their outer and inner coatings connected for several days, they became charged, 
one positively and the other negatively, through the action of the drops of water, 
to such a degi’ee, in the course of a few minutes, as to cause the jets of water to 
scatter over the lips of the recei\er8. The jars were afterwards’ repeatedly dis- 
charged, and the rapid reaccumulation of charges was shown to the Meeting by 
the scattering of the jets, by electroscopic tests, and by sparks drawn from the in- 
sulated conductors. 


On a Bevies of Electrometer's for Comparable Measurements through Great 
Range. By Sir W. Thomson, LL.D., F.R.B. 

These instruments, which were referred to in Mr. Jcnkin’s Report of the Stand- 
ards of Electrical Units (''ommittee, were exhibited to the Section, and some of 
them shown in action. A description of them, with drawings, will appear in an 
appendix to that Report. 

On a Uni form-- Electric-Current Accumulator, 

By Sir W. Thomson, LL.D.^ F.R.S. 

Conceive a closed circuit, OTABC, according to the following description : — One 

I )ortion of it, TA, tangential to a circular disk of conducting material and somewhat 
onger than the radius ; the continuation, AB, at light angles to this in the plane 
of tne wheel, of a len^h equal to the radius ; and the completion of the circuit 
a fork, BC, extending to an axle bearing the wheel. If all of the wheel were 
cut away except a portion, CT, from the axle to the point of contact, at the cir- 
cumference, the circuit would form a simple rectangle, CTAB, except the bifurca- 
tion of the side BC. Let a fixed magnet be placed so as to give lines of force 
perpendicular to the wheel, in the parts of it between C the centre and T the point 
of tne circumference touched by the fixed conductor j and let power be applied to 
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cause the wheel to rotate in the direction towards A. According to Faraday 
well-known discovery, a current is induced in the circuit in such a direction that 
the mutual electromagnetic action between it and the fixed magnet resists the 
motion of the wheel. Now the mutual electromagnetic force between the por- 
tions AB and CT of the circuit is repulsive, according to the well-known elementary 
law of Ampere, and therefore resists the actual motion of the wheel j hence if 
the magnet be removed there will still be electromagnetic induction tending to 
maintain the cui’rent. Let us suppose the velocity of the wheel to have been at 
first no greater than that practically attained in ordinary experiments with Barlow’s 
electromagnetic disk. As the ma^et is gradually withdrawn let the velocity be 
gradually increased, so as to keep tne strength of the current constant, and, when 
the magnet is quite away, to maintain the cun*ent solely by electromagnetic in- 
duction between the fixed and moveable portions of the circuit. If, when the 
magnet is away, the wheel be forced to rotate faster than the limiting velocity of 
our previous supposition, the current will be augmented according to the law of 
compound interest, and would go on thus increasing without limit were it not 
that the resistance of the circuit would become greater in virtue of the elevation of 
temperature produced by the current. The velocity of rotation, which gives by 
induction an electromotive force exactly to that required to maintain the curient, 
is clearly independent of the strength of the current. The mathematical deter- 
mination of it becomes complicated by the necessity of taking into account the 
diffusion of the current through portions of the disk not in the straight lino between 
C and T ; but it is very simple and easy if we prevent this diffusion by cutting the 
wheel into an infinite number of infinitely thin spokes, a great number of which 
are to be simultaneously in contact with the fixed conductor at T. The linear 
velocity of the circumference of the wheel in the limiting case bears to the velocity 
which measures, in absolute measure, the resistance of the circuit, a ratio (deter- 
minable by the solution of the mathematical problem) which depends on the pro- 
portions 0 ^ the rectangle OTAB, and is independent of its absolute dimensions. 

Lastly, suppose the wheel to be kept rotating at any constant velocity, whether 
above or below the velocity determined bv the preceding considerations ; and sup- 
pose the current to be temporarily excited in any way, for instance, by bringing a 
magnet into the neighbourhood and then w ithdrawing it; the strength of this current 
will diminish towards zero or will increase towards infinity, according as the velo- 
city is below or above the critical velocity. The diminution or augmentation 
would follow the compound interest law if the resistance in the circuit remained 
constant. The conclusion presents us with this wonderful result : that if we 
commence with absolutely no electric current, and give the wheel any velocity of 
rotation exceeding the critical velocity, the electric equilibrium is unstable : an 
infinitesimal current in either direction would augment until by heating the cir- 
cuit, the electric resistance becomes increased to such an extent, that the electro- 
motive force of induction just suffices to keep the current constant. 

It will be difficult, perhaps impossible, to realize this result in practice, because 
of the great velocity required, and the difficulty of maintaining good frictional con- 
tact at the circumference, without enormous friction, and consequently frictional 
generation of heat. 

The electromagnetic augmentation and maintenance of a current discovered by 
Siemens, and put in practice by him, with the aid of soft iron, and proved by 
Maxwell to be theoretically possible without soft iron, suggested the subject of 
this communication to the author, and led him to endeavour to arrive at a similar 
result with only a single circuit, and no making and breaking of contacts ; and it is 
only these characteristics that constitute the peculiarity of the arrangement which 
he now describes. 


On Volta’- Convection hy Flame. By SirW. Thomson, LL.D., F.ll.S. 

In Nichols’ Cyclopedia (2nd edition), article Electricity, Atmospheric,” and in 
the Proceedings of the Royal Society, May 1860 (Lecture on Atmospheric Elec- 
tricity), the author had pointed out that the effect of the flame in an insulated 
lamp, is to reduce the lamp and other conducting material connected with it to the 

1867. 2 
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same potential as that of the air in the neighbourhood of the flame j and that the 
effect of a fine jet of water from an insulated vessel, is to bring the vessel and 
other conducting material connected with it to the same potential as that of the 
air, at the point where the jet breaks into drops. In a recent communication to 
the Royal Society On a Self-acting Apparatus for multiplying and maintaining 
Electric Charges, with applications to illustrate the Voltaic Theory,” an experi- 
ment was described in wnich a water-dropping apparatus was employed to prove 
the difference of potential in the air, in the neighbourhood of brignt metallic sur- 
faces of zinc and copper, metallically connected with one another, which is to be 
expected from Volta^s discovery of contact electricity. In the present communi- 
cation a similar expeiiment was described, in which the flame ot a spirit lamp was 
used instead of a jet of water breaking into drops. 

A spirit lamp is placed on an insulated stand connected with a very delicate 
electrometer. Copper and zinc cylinders, in metallic connexion with the metal 
case of the electrometer, are alternately hold vertically in such a position that the 
flame bums nearly in the centre of the cylinder, which is open at both ends. If 
the electrometer reading, with the copper cylinder surrounding the flame, is called 
zero, the reading observed with the zinc cylinder surrounding the flame indicates 
positive electrification of the insulated stand bearing the lamp. 

It is to be remarked that the different methods hero followed eliminate the 
atnbiguity involved in what is meant by the potential of a conducting system 
composed partly of flame (alcohol) and partly of metal. In a merely illustrative 
experiment, which the author has already made, the amount of difi'erence made by 
substituting the zinc cylinder for the copper cylinder round the flame, was rather 
more than half the diflerence of potential maintained by a single cell of Daniell’s. 
Thus, when the sensibility of the quadrant di\ided-ring electrometer * was such 
that a single cell of Daniell’s gave a deflection of 79 scale-divisions, the difference 
of the reading, when the zinc cylinder was substituted for the copper cylinder round 
the insulated lamp, was 39 scale-divisions. From other experiments on contact 
electricity made seven years ago by the author, and agreeing with results which 
have been published by Ilankel, it appears that the diflerence of potentials in the 
air, in the neighbourhood of bright metallic surfaces of zinc and copper in metallic 
connexion with one another, is about three-qiiaiters of that of a single cell of 
Daniell’s. It is quite certain that the diflerence produced in the metal connected 
with the insulated lamp, would be exactly equal to the true contact difference of 
the metals, if the interior surfaces of the metal cylinders were perfectly metallic 
(free from oxidation or any other tarnishing, such as by sulphur, iodine, or any other 
body) ; provided the distance of the inner surface of the cylinder from the flame is 
everywhere suflicient to prevent conduction by heated air between them, and pro- 
vided the length of the cylinder is infinite (or, practically, anything more than three 
or four times its diameter). 

The author hopes before long to be able to publish a complete account of his 
old experiments on contact electricity, of which a slight notice appeared in the 
Proceedings of the Literary and Philosophical Society of Manchester. 


On Electric Machines founded on Induction and Convection. 

By Sir W, Thomson, LL.D., F.R.S. 

To facilitate the application of an instrument for recording the signals of the 
Atlantic cable, recently patented bv Sir W. Thomson, a small electric machine 
running easily enough to be driven by the wheelwork of an ordinary Morse instru- 
ment was desired ; and he therefore designed a combination of the electrophorus 
principle, with the system of reciprocal induction described by him in a recent 
communication to tlie Royal Society (Proceedings, June 18G7), which may be 
briefly described as follows : — 

A wheel of vulcanite with a large number of pieces of metal (called carriers^ for 
brevity) attached to its rim, is kept rotating rapidly round a fixed axis. The car- 
riers are very lightly touched at opposite ends of a diameter by two fixed tangent 
springs. One of these springs (the earth-spring) is connected with the earth, and 

♦ See Proceedings of Royal Society, June 20, 1867. 
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the otli^fer (the receiver-spring) with an insulated piece of metal called the receiver, 
which is analogous to the “ prime conductor ” of an ordinary electric machine. 
The point of contact of the earth-spring with the carriers is exposed to the in- 
fluence of an electrified body (generally an insulated piece of metal) called the in- 
ductor. When this is negatively electrified, each carrier comes away from contact 
with the earth -spring, carrying positive electricity, which it gives up to the re- 
ceiver-spring. The receiver and inductor are each hollowed out to a proper shape, 
and are properly placed to surround, each as nearly as may be, the point of contact 
of the corresponding spring. 

The inductor, for the good working of the machine, should be kept electrified to 
a constant potential. This is effected by an adjunct called the replenisher, which 
may be applied to the main wheel, but which, for a large instrument, ought to be 
worked by a much smaller carrier- wheel, attached either to the same or to another 
turning shaft. 

The replenisher consists chiefly of two properly shaped pieces of metal called 
inductors, which are fixed in the neighbourhood of a carrier-wheel, such as that 
described above, and four fixed springs touching the carriers at the ends of two 
diameters. Two of these springs (called receiver-springs) are connected respectively 
with the inductors ; and the other two (called connecting springs) are insulated 
and connected with one another. They are so situated that they are touched by 
the carriers on emerging from the inductors, and shortly after the contacts with the 
receiver-springs. If any difference of potential between the inductors is given to 
begin with, the action of the carriers, as is easily seen, increases it according to the 
compound interest law as long as the insulation is perfect. Practically, in a few 
seconds after the machine is started running, blight flashes and sparlis begin to 
fly about in various parts of the apparatus, even although the inductors and con- 
nectors have been kept for days as carefully discharged as possible. The only in- 
strument yet made is a very small one (with carrier-wheel two inches in diameter) 
constructed for the Atlantic Telegraph application ; but its action has been so 
startlingly successful that great efiects may be expected from larger machines on 
the same plan. 

When this instrument is used to replenish the charge of the inductor in the 
constant electric machine, described above, one of its inductors is connected 
with the earth and the other with the inductor to be replenished. When accurate 
constancy is desired, a gauge -electroscope is applied to break and make contact 
between the connector springs of the replenisher when the potential to be main- 
tained rises above or falls below a certain limit. 

Several usefuf applications of the replenisher for scientific observation were shown; 
among others, to keep up the charge in the Leaden jar for the divided-ring mirror- 
electrometer, especially when this instrument is used for recording atmospheric 
electricity. A small replenisher, attached to the instrument within the jar, is 
worked by a little milled head on the outside, a few turns of which suffice to re- 
plenish the loss of twenty -four hours. 


Meteorology. 


Notice respecting a Uaystach strmJc by Lightnbig, 
By Sir David Drewsteb, K.H.y LL,J).y FJtS. 


The author gave an account of the production of a substance found at the bottom 
of a circular passage made by a lightning stroke in a stack of hay at Dun in For- 
farshire in 1827. The specimen, which was produced from the silex in the hay. 
had a greenish tinge, and contained portions of burnt hay. It has been deposited 
in the Museum of St. Andrews. 


Observations of the Rainfall at Arbroath, By Alexander Brov^tn. 


2 * 
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A Comparison of the Kew and Lisbon Magnetic Curves during the Disturbance 
of February 20-25, 1866. By Senhor Capello. Communicated by Dr. 
Balfour Stewart, FM.S, 

During the 20th, 21st, 22nd, 23rd, 24th, and 25th of February 1866, large mag- 
netic disturbances were recorded by the magnetographs at the Lisbon Obserratory. 
The present communication, relative to these disturbances, offers some intere'^t on 
account of the apparent variability of the forces which are in action during the 
same disturbance, and also the apparently variable relations between these forces 
at Lisbon and the same forces at Kew. In a former comparison certain laws were 
deduced, and it was interesting to know if they were confirmed. 


On the Results of Observations of Atmospheric Electricity at Kew Observatory 
and at l^indsor, Nova Scotia. By Dr. J. D. Everett. 

The Kew observations included in this paper extended from June 1862 to May 
1864 inclusive, and were taken with Sir William Thomson’s self-recording appa- 
ratus ; specimens of the photographic curves thus taken being exhibited at the 
Meeting. The Windsor observations taken by Dr. Everett with apparatus of a 
different kind, also invented by Sir William Thomson, but not self-recording, ex- 
tended from October 1862 to August 1864. Monthly averages which had been 
taken showed that at Kew there had in every month been two maxima in the day, 
one of them between eight and ten a.m., and the other, which was more conside- 
rable, between eight and ten p.m. At Windsor, on the contrary, the electricity 
between eight and ten p.m. had in every month been weaker than either between 
eight and ten a.m. or between two and three p.m. The annual curve for Kew had 
its principal maximum in November, and another in Febiuary or March. At 
Windsor the principal maximum was in February or March, and the minima in 
June and No\ ember. The annual curves for the two places agreed prettv well 
from January to October, but were curved in opposite directions from October to 
January, 


On the Meteor Shower of August 1867. By George Forres. 

Communicated by Professor Swan, F.R.S.E. 

The author gave the results of certain observations made by him at St, 
Andrews on the meteor shower of August 1867. The nights following the 9th, 
10th, and 11th of the month were very cloudy, and no observations could be made. 
Most of the observations were made on the evening of the 10th and morning of 
the 11th. But even on this night a faint haze for the most part co\ered the sky. 
The meteors were almost all of the same size as stars of the ord or 4th magnitude. 
They were, with few exceptions, white. They lasted in general only about half a 
second. They were very rapid in their flight. One could hardly dfstinguish any 
nucleus. The train was visible, after its formation, only for a very small fraction 
of a second ; and breaks in their tracks of about 1° were frequt ntly noticed. The 
lengths of their paths extended from 3° to 15°, though in some cases they were 30" 
in length. Attention was chiefly directed to discovering the points of radiation, 
and to noting the times of appearance. 

The Radiant- Points. — It was soon seen that there were two distinct radiant- 
points ; the one in the region of Casseiopeia, the other about Andromeda. By 
drawing on the spot the courses of the meteors among the stars, the points of radia- 
tion were marked on a map, and were found to lie as follows : — That in Casseio- 
peia had for its right ascension 2^ 43™, and for its north polar distance 29" 30'. 
The other was in the constellation Pisces, and its position was R.A.=0** 46™, 
N.P.D.=67" 

The numbers of Shooting-stars, — The numbers of those which came from the 
Casseiopeian and Piscian groups, and also of the unconformable meteors, were all 
separated, and are shown in the following Table. 
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The position of the observer was not such as to see at all well those comin*^ from 
Pisces till 12*' 45™. 

The nig'ht of August 11 and the morning of August 12 wore cloudy, but the 
positions and directions of flight of about a dozen shooting- stars wore (leteruiined, 
from which it appeared that th(‘ radiant-point was in Cassfoopida, but that it was 
not so distinctly marked as on the previous nighty and seemed to lie nearer to 
7 Casseioj^eiiB 


On the Gales and Hurricanes of the Indiayi Ocean South of the Eiimtor. 

By Charles Meldrum, M,A. 

The author stated that by means of the log-books of vessels visiting the harbour of 
Port Louis, the Meteorological Socioty of Mauritius, since its formation in 1851, had 
been collecting meteorological statistics of the Indian Ocean in the form of a journal 
showing the state of the winds, weather, and sea, on every day. Th(‘ total number of 
days’ observations tabulated in chronological order down to the 81st of December, 
18(55, is 170, (X)0, and in some years the daily average is from 70 to 80 obseiTations of 
twenty-four hours each. Since 1853 a Cvinsiderable number of Synoptic Charts (up- 
wards of 600) have been constructed, and it is proposed to publish a series of such 
charts, showing the state of the winds and weather over the Indian Ocean at noon 
on each day for a period of one year. In addition to these tabulated observations, 
a mass of information has been collected regarding the gales whicli have occurred 
in the Indian Ocean, many of which liave b(‘en described in the Society’s Transac- 
tions. As Secretary to the Society, tlie author had opportunities of studying these 
gales, and being now in this country he begged permission tu communicate some of 
the results of his investigations. 

The gales and hurricanes of the Indian Ocean South of the Equator may be thus 
classified : — Ist, trade-wind gales, in which the wind veers little ; 2nd, the extra- 
tropical gales, between the parallels of 30° and 46° S., in which the wind generally 
veers or shifts ; and 3rd, the tropical hurricanes, in which the wind always veers 
or shifts. 

1. The trade-wind gales occur in all seasons, but chiefly in the winter months of 
June, July, and August, when the S. W. monsoon prevails north of the equator, 
and the S.E. trade-wind acquires additional strength from the demand made upon 
it to supply the monsoon, the two winds being apparently one system under the 

* A change in the position of the radiant point of the August shower on different nights 
has long been suspected. See Professor Twining’s remarks in the American Journal of 
Science, 2nd series, vol. xxxii. p. 444, and vol. xxxvi. p. 305. It is to be regretted that the 
cloudy state of the weather at St. Andrews prevented the settlement of this question ; 
but probably some other observer has been more fortunate. 
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influence of the earth’s rotation and the high temperature which prevails in the 
norfcliern hemisphere. At Mauritius these gales are characterised by a barometric 
pressure of 80*200 to 30*400 inches. The wind sets in at South to S.S.E., and 
seldom veers more than a point or two, the barometer at times oscillating during 
the height of the gale, which is sometimes attended with passing showers, but 
never with heavy rain, thunder, or lightning. Generally the gale commences in 
about 30° S,, and advances towards the equator, like an extensive wave or billow, 
the barometer rising at each successive locality some time before the wind acquires 
much force. It is preceded by a heavy sea, which occasionally proves dangerous 
near the equator. It lasts from one to ten days, and blows in fitful gusts, which 
at Mauritius have usually a pressure of I to 10 lbs. on the square foot, and at times 
of 10 to 20 lbs. Owing to the frequency of these gales the mean daily maximum 
force of the wind at Mauritius is greater in winter than in summer. 

2. The extra-tropical gales, between the parallels of 30° and 45° S., also 
occur in all seasons, but are most violent from May to August inclusive. These 
gales are generally characterised by the presence of two currents of air, the one 
from the southward, and the other from the northward, the two currents being 
variously situated with respect to each other. At times they exist side by side, as 
surface-winds, the one from the S.W., and the other from the N.E., each occupy- 
ing a belt of 5° to 30° in longitude, stretching from the parallel of 30° S. as far south 
as the observations extend, viz. 45° S. In the narrow space between the two winds, 
light airs, calms, and a high cross sea, with heavy rain, thunder, and lightning, gene- 
rally prevail, and there the barometer is lowest. The belt of southerly winds lies 
to the west of the belt of northerly winds, and the two travel laterallv to the east- 
ward, preserving their relative positions often for several days. The gale of the 13th 
to the 20th of January, 18(51, as would be seen by inspecting a number of charts 
illustrative of it, was a good example, and many others might be adduced. The 
barometer stands higher, and the tliermometer lower, in the southerly than in the 
northerly wind. On the western side of the former the barometer has been known 
to stand as high as 30*050 inches, while in the trough, or space between the two 
winds, it stood at 29 000 inches. Sometimes there are several alternate belts of 
southerly and northerly winds, as in gales which took place on the 27th and 28tli 
of July, 1863. 

In place of forming parallel belts, however, the two winds are often inclined, and 
sometimes directly opposed, to each other. Occasionally, too, only one of them 
appears, the other, if it exists at all, being either above the surface-wind, or away 
in the South Atlantic, to which the observations do not extend. This was the case 
from the 14th to the 20th of May, 1865, when a violent north-wester occurred in 
the space between the meridian of Greenwich and 32° E., and the parallels of 30° 
and 45° S. 

But whatever may be the positions of the two currents of air, the gales inva- 
riably travel to the eastward, and many of them have been traced from the meri- 
dian of Greenwich to 65° E. Where they originate, and how far they travel, has 
not been determined. It does not appear that they are revolving gales, although 
whirlwinds may occasionally occur between the inner edges of the two winds ; for 
in no instance has the wind been traced round an axis, or central area, as in the case 
of the tropical hurricanes. They take place with so much imiformity and regularity 
that their progress may be traced from day to day and hour to hour, and the man- 
ner of the veering or shifting of the wind, when there are two currents, be known 
beforehand, the shift being (often suddenly) from N.E. to S.W., or from N.W.rd 
to S.W.rd, and the veering from N.E. to North, N.W., West, &c., or with the sun. 
They last from one to seven days, and travel at the rate of four to twenty miles an 
hour. The wind usually sets in at N.E.rd and ends at S.W.rd, or S.E.Vd. After 
the shift, or when the wind comes to the south of west, the barometer rises, and 
in a few hours the wind gradually abates. They succeed one another at short in- 
tervals and with considerable regularity, but vary in force. Even the ordinary 
changes of wind and weather in that part oi^e ocean seem to be more or less 
depend^t upon the antagonistic currents of a’fe ’to which reference has been made. 

8. Many persons were at first little disposed to accept the ^ Law of Storms ’ as 
laid down by Redfield, Reid, Thom, and Piddington, and there were -points on 
which these writers themselves were not agreed. Even at the present day there 
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are shipmasters and others who nut little faith in the theory of revolving storms. 
But a careful investigation of all the great storms which have occurred in the In- 
dian Ocean, south of the equator, dunng the last eighteen years, has amply con- 
firmed the truth of the theory in the main. On the other hand, some corrections 
and modifications are required. 

These rotatory storms, which are confined to the months of November to May in- 
clusive, originate between the parallels of 6° to 14° S., and travel to the W.8.W., 
and afterwards, but not always, to the southward and S.E. ; the wind invariably 
moving round a central space (which is usually characterised by a calm) from 
left to right, or with the hands of a watch ; while the storm, which has a diameter 
of 1 to 1500 miles, moves onwards at the rate of 1 to 20 miles, but more frequently 
4 to 7 miles an hour, for a period varying from a few hours to ten days, attended, 
with torrents of rain, and in its nort<hem half often with lightning. 

It would appear that when they were first made a subject of investigation, 
attention was chiefly directed to what took place within the storm, all the infor- 
mation regarding it having been derived from a few vessels which had been involved 
in it; while little notice was taken of the state of the prevailing winds at a distance, 
or of the possible connexion between them and the origin and progress of the storm. 
Hence some writers appear to have regarded them as detached disks of air, put 
and sustained in motion by electricity, magnetism, earthquakes, or some otner 
mysterious agency. 

One of the first results of the extended system of observation adopted at Mauritius 
was to show, what had been surmised by Or. Thom, that these revolving storms 
are invariably generated between the N.W. monsoon and the S.E. trade-wind, and 
that to all appearance their rise and progress are intimately connected with those 
two opposing winds. The fact that they occur only during the monsoon months 
in itself favours the supposition of a connexion between the two phenomena. 

Observation has shown that the monsoon extends farther south on the western 
than on the eastern side of the Ocean, its southern limits often stretching obliquely 
from Tamatave, in Madagascar, on the west, to Sumatra on the east. To the south 
of the N.W. monsoon the S.E. trade-wind prevails. Between the two winds there 
is a space of calms, or light variables. During hot sultry weather evaporation 
must take place rapidly, especially in the trade-wind region. The vapour is carried 
by the two winds towards the space which separates them, and is accumulated 
there until the air becomes saturated. There may at the same time be an ascend- 
ing column of air and vapour, which would further promote condensation. Heavy 
rain sets in, the barometer falls, and the two oppositely directed winds flow to- 
wards the locality of diminished pressure, bringingwith them more vapour, which 
is also speedily converted into rain, the barometer falling lower. 

As the vapour is chiefly supplied by the S.E. trade-wind, and its precipitation in 
the trade-wind region is followed by a decrease of barometric pressure there, the 
movement of the area of diminished pressure is towards the south, across the trade- 
wind region, the N.W. monsoon, and the N.E. trade-wind to the north of it, where 
the barometer is high, pressing to the southward to restore the equilibrium, and 
the monsoon, as it were, eating into the trade-wind as the aqueous precipitation 

I iroceeds. In this way the monsoon sometimes advances along its whole extent in 
ongitude to the tropic of Capricorn, or even beyond it, until the trade-wind alto- 
gether disappears, or is found only far to the south. When the vapour has been 
precipitated the trade-wind gradually returns, the monsoon recoding before it to 
the northward, until the two winds again attain their normal positions. After a 
lapse of some time, during which another accumulation of vapour takes place, 
heavy rains again commence on the equatorial borders of the tr^e-wind, and the 
monsoon again advances to the gouthward. The two winds thus oscillate back- 
wards and forwards during the summer months, and it is on these occasions, when 
the monsoon is advancing to the southward, that the tropical revolving storms 
occur, the south-west and west sides of the storm being apparently fed by the 
trade-wind, and its noHh-east and east sides by the monsoon. 

Instances of the advancement of the monsoon to the southward, as from the 
13th to the 18th of Februa^, 1800, the 16th to the 20th of January, 1861, the 1st 
to the 18th of February, 1861, and the 16th to the 24th of February, 1865, were given 
in a series of charts showing the directions of the wind at noon on each day. 
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Revolving storms, however, do not always take place on such occasions, although, 
as the monsoon approaches, the wind generally veers from E.S.E. to East, North, 
and N.W., with much rain, and generally thunder and lightning. Nor does the 
monsoon always advance along its whole extent in longitude, hut more frequently 
penetrates into the trade-wind, and then only one rotatory storm is formed. When 
the monsoon and trade-wind are in collision over a considerable extent of longi- 
tude, or across the whole ocean, two or more revolving storms may be formed, which 
sometimes rage together for several days, as in the case of two violent hurricanes 
which occurred between the 8th and the 17th of February, 1861, and of several 
others between the 6th and 24th of April, 1806. On occasions like these as many 
as five rotatory storms have been known to exist at the same time along the inner 
borders of the two winds, but they did not all last long. 

In the earlier and latter parts of the season these storms often do not travel 
beyond the parallel of 16° S. They are most frequent in February and March, and 
during those months they generally advance to 26° S., and sometimes to 80° or 
82° S. Their tracks are generally curves, the convexities of which are towards the 
west, and the apices anywhere between the parallels of 14° and 24° S., according 
to the season. It would appear that they tra\erse the trade-wind rt‘gion in conse- 
quence of the progress of the aqueous precipitation being in that direction, and of 
tne monsoon extending farther south on the western than on the eastern side of 
the ocean, as already stated. The direction of the wind in the body of the storm 
may be accounted for by the relative positions and directions of the monsoon and 
trade-wind, independently of the earth’s rotation on its axis, although that also 
may have an efiect. 

W ith regard to the form of these storms, it varies, and is not so circular as is usually 
supposed. The wind generally blows spirally towards and ultimately around the 
centre, as is shown, not only by the collective evidence of ves&ols on all sides of the 
storm, but also by individual vessels occasionally running completely round the cen- 
tre, and being gradually drawn into it. An example of this occurred in May, 1868, 
when a vessel belonging to the port of Dundee, called the ^ Earl of Dalhousie^ (Capt. 
Campbell), scuddc'd, at the rate of 10 to 18 knots an hour, three times round the 
centre of a revolving storm, which at the time happened to be nearly stationary, 
till at length she reached the central calm. (Charts were exhibited showing the 
positions of the vessels and directions of the wind in this storm at noon on each 
clay from the 7th to the 20th of the month.) 

As the trade-wind in front of a revolving storm often blows in strong gales with 
a falling barometer over many degrees in longitude, and the direction of the wind, 
especially at a distance, is far from being at right angles to the bearing of the 
centre, severe losses have occurred in consequence of vessels, having the wind at 
8.E., running to the west or N.W. with the liew of crossing the storm’s path, 
under the impression that the centre bore N.E. In place of bearing N.E., when 
the wind is from S.E., the centre may bear North or N.N.W., and if the storm he 
travelling to the S.W., as is often the case, a vessel steering westward or N.W. 
Uiay be running to her destruction. During a hurricane in February, 1860, for 
example, a number of vessels left the roadsteads of Reunion with the wind at 
S.E., and, running to the N.W., got into the heart of the storm. Several of 
them were wrecked on the coast of Madagascar, others were never heard of, and 
of those that returned some had to be abandoned. The safest course seems to he 
to lie to and watch the barometer and wind till the bearing of the centre be known 
with some certainty. 

But perhaps the greatest losses of life and property in the Indian Ocean south of 
the Equator arise from homeward-bound vessels running into revolving storms to the 
southward of them, by taking supposed advantage of the N.E. winds of a storm, 
between the parallels of 10° and 16° S., and steering to the S. W. till they get in 
front of the storm. This is the more to be regretted, inasmuch as all such losses may 
be eadly avoided by lying-to till the barometer rises and the weather improves, or by 
proceeding cautiously to the southward. Heavy losses occur annually from inat- 
tention tc this simple precaution. In May, 1863, for instance, of twelve homeward- 
bound vessels which nad got involved in a revolving storm by running to the 
southward with increasing winds, falling barometer, and threatening weather, two 
hod to be abandoned at sea, and the others were so disabled that on arriving at 
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Port Louis some of them were condemned, and some detained for two or three 
months undergoing repairs. The loss on that single occasion must have amounted 
to at least £60,000, and there is not the slightest doubt that it would have been 
avoided if the vessels had kept back for a day or two, and not run headlong into 
the storm. In the hurricane season, in those latitudes, with the wind anywhere 
between north and south, through the west, the weather squally and threatening, 
and the barometer falling, a vessel should not press too much to the southward. 
By attention to this rule the storm will be avoided. 

Experience has proved that the existence of a gale^ belonging to any one ol the 
three classes above described is indicated at Mauritius by the barometer, winds, 
and weather, even when the distance is very considerable. A trade-wind gale is 
preceded by a high and rising barometer, and by the setting in of the wind at 
southward, generally with a clear sky. On the other hand, the barometer at Mau- 
ritius always falls during a gale belonging to either of the other two classes. As 
a general rule, if the barometer fall steadily for thi'ee or four days to the extent of 
even one-tenth of an inch below its height for the season, it may be inferred either 
that a tropical gale exists on the equatorial borders of the trade-wind, or an extra- 
tropical one on its polar borders ; and the direction and veering of the wind, and 
the character of the clouds, will determine in which of these directions the 
disturbance is taking place. At the setting in of a tropical gale away to the north- 
ward or N.E., the trade-wind at Mauritius is drawn towards the locality of dimi- 
nished pressure, and the barometer falls. When an extra-tropical gale takes place 
away to the S.W., towards the Cape of Good Hope, the trade-wind is deflected 
in that direction, so as to form a part of the N.E. winds of the east side of the 
gale, and in this case also the barometer falls at Mauritius, until the southerly winds 
of the west side of the gale have begun to exert their influence, as the gale ad- 
\ances to the eastward. The existiuice of all the heavy gales which have taken 
place in either direction, for some years back, lias been known at Mauritius, and 
frequently announced in the newspapers at the time. 

On Meteorological Observations at Sea. By F. W. Moffat. 

Comrmmicated by Dr. Moffat. 

These observations were made for the purpose of ascertaining the quantity of ozone 
in different degrees of latitude and longitude at sea. The observations extend 
between lat. 53° N. and 39° S., and long. 83° E. and 25° W. The author had ob- 
served that as the wind veered with increasing readings of the barometer from south 
points of the compass through west to north, ozone disappeared, and continued 
absent while the wind was in points between north and east, and that it reap- 
peared as the wind veered with decrea.sing readings of the barometer to south 
points. The disappearance and reappearance of ozone with these conditions were 
so regular that the changes appeared to be the result of an invariable atmospheric 
law, and the author was induced to examine the law of the rotation olf the wind, 
so clearly developed by Dove, and the results of the examination led him to believe 
that the polar current is the non-ozoniferous, or that of minimum of ozone, and 
that the equatorial, or sea-wind, is the ozoniferous, or that of the maximum of 
ozone. According to the rotation theory, the polar current in the northern he- 
misphere forms the N.E trade,^’ and that in the southern hemisphere forms the 
S.E. trade,” while the equatorials in the northern and southern hemispheres form 
the upper or returning ‘^trades.” These returning ^‘trades” come to the earth’s 
surface in both hemispheres about the 28th degree (the latitude varies with the 
season), north and south of the equator. The author stated that if his deductions 
are trustworthy, the N.E. and S.E. ^Hrades” ought to be the minimum of ozone 
cun'ents, and the returning trades ’’ the maximum of ozone currents ; that in the 
northern hemisphere forming the S. W. wind, and the other in the southern hemi- 
sphere a N. W. wind ; and as these currents consisted of the atmospheres of equa- 
torial latitudes, the quantity of ozone ought to be at least as great at the equator 
as with the returning currents. The author showed by tabulated results thkt such 
was the case, and ‘he expressed a belief that were it not for the modifying effects 
of the trade-winds, ozone would be a constant quantity at sea. 
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0% the Errors of Aneroids at various Pressures, 

By Balpotjr Stewart, LL,D,, F,R,8.^ Superintendent of Kew Observatory, 

At the request of the Meteorological Committee experiments have lately been 
made at Kew Observatory, with the view of ascertaining to what extent an aneroid 
may be considered as a reliable instrument when exposed to considerable changes 
of pressure, such as occur in mountain ascents. 

In order to make these experiments, a large receiver had attached to it a standard 
barometer, of which the accuracy had been previously ascertained. By means of 
an air-pump, the aneroids, when placed in this receiver, might be subjected to any 
pressure, the exact amount of pressure being noted by the standard barometer. 
An arrangement devised by Mr. Beckley, mechanical assistant at Kew, enabled the 
aneroids to be tapped while in the receiver, so as to imitate, as well as possible, 
the tapping of the hand, to which these instruments are usually subjected previous 
to their readings being taken. 

For the aneroids, to which I shall immediately refer, observations were made for 
every inch of pressure between 30 inches and 1 9 inches, ten minutes being occu- 
. pied in going from one stage to the next, and the instruments being always tapped 
at every stage. When they had reached their lowest pressure, they were kept at this 
for an hour and a half, and were then raised in stages of 1 inch every ten minutes 
until the ordinary atmospheric pressure was finely reached. The instruments 
themselves were obtained from the best-known makers, who kindly lent aneroids 
for the purpose of this experiment. 

The following Table denotes the average behaviour of those instruments so 
treated, eight sets of experiments having been made, and the instruments being 
one half large instruments, diameter 4 inches, and one half small instruments, 
diameter 2 inches. 

Supposing the instruments were quite right at starting at the pressure of 30 
inches, then their behaviour while the pressure was being lowered is represented 
by the following Table : — 
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From this Table we may learn the following facts : — 

1. If we compare an aneroid with a standard barometer before beginning our 
observations, in order to ascertain its index error, and if we then gradually lower 
the pressure, using the above index error, we shall find that the instrument lags 
behind or reads rather too high down to 2G inches, at which point its behaviour 
appears to be reversed, and it falls thereafter too fast. 

k The instrument is, however, tolerably accurate down to 24 inches, or through 
a range of 6 inches. 

3. If we compare the aneroid with a standard at the end instead of at the be- 
ginning of the ODservations, we shall get much less reliable results. 

Suppose now that the instrument is allowed to remain an hour and a half at the 
lowest pressure, and that it starts from this pressure of 19 inches, going upwards, 
being quite right at starting, as compared with a standard barometer, then the 
average behaviour will be represented by the following Table : — 
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From Table 11. we may learn as follows : — 

1. If we start from a low pressure (19 inches) and compare our aneroid with a 
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standard barometer before beginning our observations in order to ascertain its 
index error, and if we then gradually increase the pressure, using the above index 
error, we shall find that the instrument lags behind, that is to say, reads too low 
up to 24 inches, at which point its behaviour appears to be reversed, and it there- 
after rises too fast. 

2. The instrument is, however, tolerably accurate up to 25 inches, or through a 
range of 6 inches. 

3. If we compare our aneroid with a standard at the end instead of the begin- 
ning of the observations, we shall get much less reliable results. 

So much for the double experiment, in which the pressure is first lowered and 
then raised. 

Now, if at the end of this experiment we compare our aneroid with a standard 
once more at the ordinary pressure, we shall find that, on the whole, its indications 
ha\e fallen, or it reads too low, but gradually, and in course of time, it recovers 
itself. 

This is seen by the following instances : — 

2-inch aneroid. 4i-inch aneroid. 

Error before experiment 4- *47 Error before experiment + *04 
Immediately after „ -f-lO Immediately after „ —*06 

23 hours after „ -f *34 I hour after „ - *05 

40 „ „ -f *37 18 hours after „ — *01 

3 days after „ 

2 J-inch aneroid. 3 wrecks after „ -f*07 

Error before experiment -f ‘11 
Immediately after „ -h *03 

18 hours after „ -f *10 

In the next place, I would remark that large aneroids are better than small ones, 
as will be seen by the following Table denoting the average behaviour of small 
and large instruments for the down observation. 
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The experiments are not yet quite finished, but we may perhaps conclude — 

1. That if a good 4-inch aneroid be first of all compared with a standard baro- 
meter, and then gradually subjected to a decrease of pressure, it will give reliable 
results through a range of G inches. 

2. That if a good 4-inch aneroid be first compared with a standard barometer 
at a low pressure, and then gradually subjected to an increase of pressure, it will 
give reliable results through a range of 6 inches, starting from the low pressure. 

3. The results would probably bo still better if the instrument, before use, were 
compared with a standard barometer after the manner I have now described. 

Storm- Warnings, their Importance and Practicability, 

By Colonel Sykes, if.P., F,R,S. 

The author adduced the testimony of numerous men of scientific eminence, and 
the Reports from the seaports to the great importance of the signals lately in prac- 
tice at the Meteorological Department of the Board of Trade, both from humane 
and commercial points of view, and then stated that out of 405 warnings given in 
three years, the prognostications were correct for 305 times. No one could tell the 
possible number of lives and amount of property which had thus been saved ; and 
he asked if this did not sufficientlv justify the continuance of these storm-wam- 
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ings. even though founded on supposed empirical data. The Scientific Committee 
of the Royal Society had declined to continue these warnings, on the ground that 
Admiral FitzRoy had obtained his conclusions on empirical data. The author stated 
that the Committee proposed to establish eight additional observatories throughout 
the empire ; and at the end of fifteen years they expected to be able to predict 
storms on philosophical data, and not on empirical data. But if during the last 
fifty years all the Observ^atories of the kingdom had not been able to obtain these 
results, the author thought that they were not likely to do so during the next fif- 
teen years, and the cost of ma’ntaining them would be wasted. 


On Evajporatioyi from Rain-gauges. By John Thrtjston. 


CHEMISTRY. 

Address hy the President, Thomas Anderson, M.D., F.R.S.E, 

On many previous occasions the British Association has met in placets which have 
aftbrded the chemist valuable opportunities of seeing the principles of his science 
reduced to practice, and the various papers whicli have been read at this Section on 
these subjects, and the discussions which have arisen regarding them, ha\e formed 
a very interesting department of its proceedings. At the present Meeting little of 
this is liktily to engage our attention ; for though the manufactures of Dundee have 
probably increased, during the last ten or fifteen years, in a more rapid ratio than 
those of any other town in the kingdom, they have taken a direction which gives 
but little scope for the applications of chcunistry, so that with the exception ot a 
few of the simpler operations of the dver, there is really scarcely anything which 
need specially attract our attention. Under these circumstances it inay be fairly 
anticipated that the business of the Section will be more particularly occupied with 
the discussion of the great principles of the science which to the general public 
are often less interesting, and regarded as the exclusive province of those engaged 
in scientific study, and not sufficiently recognized as being the only sure foundation 
on which the superstructure of practical progres^t can be raised. 

The consideration of these general principles is, however, at the present moment 
a matter of the very highest importance, for the science of chemistry is in a state 
of transition. The immense accumulation of facts which has been made during 
the last twenty or thirty years, has not only increased her bounds, but has shown 
the insufficiency of those principles on which the chemist was formerly ready to 
rely with almost implicit confidence, and introduced changes amounting to a revo- 
lution, which have nad the effect of unsettling the views formerly entertained, 
without as yet introducing anything which can he considered satisfactoiy in their 
place. The atomic theory, which at the commencement of the present century 
explained with clearness and precision all the facts of the science then known, has 
proved itself (at least in the form in which Dalton left it) no longer sufficient for 
the purpose. At the time at which it was produced, the knowledge of chemists 
was confined to a comparatively small number of compounds, among which those 
of oxygen had so preponderating an importance that the science of the time might 
almost be described as the chemistry of oxygen. At the present moment, if we 
were to attach to it the name of any individual element, we should probably 
describe the whole science by the definition which has been so often applied to 
organic chemistry, and call it "the chemistry of carbon, for it is in the study of the 
compounds of that element that all the difficulties with which the chemist has 
now to contend have had their origin. At a comparatively early period indeed, 
doubts were expressed as to the sufficiency of the atomic theory of Dalton, and 
Ampere especially suggested that the chemical atom might with advantage be 
Considered to be a congeries of smaller particles j but this and other analogous 
additions to the original conceptions of the chemical atom, being of a purely specu- 
lative character, and having no immediate bearing on the facts then, or even now 
known, have never been accepted by chemists, or received from them more than a 
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very passing notice, and were not unfairly considered to be unnecessary complica- 
tions of the theory. It was left for time to accumulate facts, for which Dalton’s 
theory supplied no explanation of any kind, and these were at first neglected ; but 
as their number increased, their explanation was evaded by the invention of names 
intended to group together facts supposed to be dependent on similar causes. Such 
names as catalysis, allotropy, and the like, really explain nothing ; they are little 
better than scientific lumber-rooms, in which unexplained facts are stowed away 
until it suits our knowledge or our convenience to classify and explain them. 1 
am far from asserting that this mode of grouping facts supposed to have something 
in common, has not its advantages, provided only it be distinctly understood that 
it is the grouping of ignorance. The risk lies in the name being accepted as an 
explanation, and inquiry being thereby retarded — and something of this sort has 
indeed occurred ; for though tliese facts were admitted to be beyond the scope of 
the atomic theory, they were quietly set aside ; things went on as they were before, 
and it was not till the introduction of the theory of atomicity, which shows itself 
in every chemical fact, that the doubts which had been long gathering in the 
minds of all thoughtful chemists, found distinct expression. I do not on the pre- 
sent occasion propose to discuss in detail the effect which the introduction of this 
Anew has had upon chemical theory, further than to remark that it renders it 
necessary either to abandon altogether the atomic theory of Dalton, or to introduce 
into it such modifications as fundamentall}^ alter its entire character, and make it 
substantially a new theory. The former is an alternative which some chemists 
will be greatly disinclined to adopt. They will not willingly abandon a theory 
which has admittedly done admirable service, which at its first inti'oduction estab- 
lished order and regularity where confusion and disorder previously reigned 
supremo, and under whose influence the science has attained its present goodly 
proportions. Others again may be of opinion that the atomic theory has done its 
worli, and in the future is less likely to act as an assistance than as a hindrance to 
progress, by forcing us to consider all facts in its particular light, and causing us to 
overlook relations which might be at once detected by an unbiassed mind. 

This latter opinion has been very strongly expressed by Sir Benjamin Brodie, 
and in the Calculus of Chemical Operations, which he has recently made public, 
we have the first systematic attempt which has been made to e^mress the consti- 
tution of chemical compounds by a method in which the idea of an atom has no 
place. As this is the most important chemical doctrine which has been put 
forward for many years, and must, if accepted, materially alter our present views, 
I shall venture to consid(‘r it in some detail, premising, however, that as only the 
first part of the investigation has yet been made public, any opinion I may now 
express regarding it nia_y be liable to modification when the entire investigation is 
published. 

Sir B. Brodie, as has been already observed, discards altogether the idea of an 
atom, and compares with one another the weights of different substances in the 
gaseous state which are capable at the standard temperature and pressure of filling 
a unit of space, which is the bulk of 1000 cubic centimetres. If we consider- this 
space to be empty, and fill it with hydrogen, a chemical operation is performed 
which is represented by the symbol a, expressing the fact that the weight so intro- 
duced is chemically indivisible. If now in place of hydrogen oxygen be introduced, 
the unit of space is filled by a quantity sixteen times as great, but this weight is 
not indivisible, as is at once apparent if we notice what happens when oxygen is 
introduced into the unit of space already filled with hydrogen. In that case n 
second operation is perfonned on it, in which a weight eight times as great as that 
of the hydrogen is introduced, and water is the result. The quantity of oxygen 
which fills the unit of space must therefore be regarded as divisible, and this is 
expressed by assigning to it the symbol (27 indicating the fact that two identical 
operations are required to fill the unit of space with oxygen. By the same line of 
argument it is concluded that sulphur, selenium, &c., must be similarly constituted, 
and they are accordingly represented respectively Iw $ 2 } ^2? So far it will be 
observed that the systern is merely a modification 01 that at present used by che- 
mists for expressing the laws of gaseous combination, excepting that all substances, 
compounds as well as elements, are referred to the unit 01 space, while, according 
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to our preient plan, the former are referred to two units of space and the latter to 
one. But when the compounds of chlorine and the allied elements, with hydrogen, 
are to be represented according to Sir B. Brodie’s system, it at once becomes appa- 
rent that some further hypothesis must be introduced if they are to be referred to 
the same volume. When the quantity of hydrogen represented by the symbol a, 
unites with chlorine, the product fills two units of space, and as, according to the 
fundamental hypothesis, a is indivisible, the question is to obtain some means of 
expressing without fractions the quantity of hydrochloric acid which tills the unit 
of space. This end Sir Benjamin attains by assuming that chlorine is itself a com- 
pound of hydrogen with an unknown element to which the symbol x assigned ; 
chlorine being axa, and formed by three operations, one being hydrogen, and the 
other two which are identical, result in the introduction into the unit of space of 
two quantities of a hypothetical substance whose weight is 17’25 ; and according 
to this view, when hydrogen and chlorine unite, the action is expressed by the 
equation 

«;t2 + « = 2ax. 

On precisely the same principle iodine, bromine, nitrogen, phosphorus, antimony, 
and bismuth must also be hydrogen compounds. It is obvious therefore that Sir 
Benjamin’s system involves a very large amount of hypothesis ; for it assumes that 
a considerable number of those substances hitherto regarded as elements are really 
compounds. I do not imagine that much difficulty will be experienced by any 
one m admitting the possibility of this, for I apprehend there is no chemist who 
imagines those bodies which we call elements to be the ultimate constituents of 
matter, or who doubts that the time, though still far distant, will come when they 
may be resolved into simpler substances. But when we come to reduce these 
speculations to a definite form, and seek to make them part of the science itself, it 
becomes essential to subject them to a very close and searching scrutiny. 

In order to justify their assumption, it seems to me necessary either that they 
should be supported by experimental evidence, or that they should afford the means 
of tracing out unsuspected relations, and thus extending the bounds of the science, 
or, at all events, that they should involve the minimum amount of hypothesis. 
Now, as regards the first of these, it is unnecessary to observe that there is not one 
tittle of evidence to show that chlorine is a compound any more than hydrogen 
itself. As far as extending the bounds of the science is concerned, we must look 
for an answer to the future, and it may be expected tliat in the remaining parts of 
the investigation, which it is to be hoped may soon be made public, it will be 
shown how the method may be used for this purpose ; but, in the meantime, I am 
unable to see how it is to open up new fields of inquiry, and it is certain that it 
leaves unexplained all those anomalies which are usually considered to be the weak 
points pf the existing system. Neither can it be asserted that the system involves 
the minimum amount of hypothesis ; for, in point of fact, the assumption of the 
compound nature of certain of the elements is rendered necessary by the funda- 
mental hypothesis that a is indivisible. K it be assumed to be divisible, the necessity 
for holding those elements to be compound at once falls to the ground, and I confess 
it appears to me that we should require very clear evidence of the advantages it 
ofters before we accept a hypothesis involving so many others. The question must 
at best be considered as still sub judiccy and the method is not likely to meet with 
general acceptance until it is supported by a much lai'ger body of facts than those 
we at present have. 

While Sir B. Brodie’s theory is one from which the idea of atoms is excluded, it 
is important to notice that it is by no means incompatible with them, and it even 
appears to me that though it may suit our convenience to consider matter in rela- 
tion to space only, the real subject of inquiry is not the unit of space, but the unit 
of matter, and to it we must eventually come. If I hold, as 1 most undoubtedly 
do, that the atomic theory of Dalton mu«t sooner or later be abandoned, it is not 
because I do not believe in the existence of a unit of matter. Whether we assume 
it to be a hard spherical particle, a centre of force, or a vortex produced in a per- 
fect ether, is another question ; but it seems evident that some kind of molecular 
hypothesis is indispensable for the explanation of physical phenomena, and it is 
scarcely possible to doubt that some connexion must exist between the chemic^ 
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and the physical unit of matter. In the mean time it is only by the most cumbrous 
and improbable assumptions that the existing atomic theory can be made to fit in 
with the facts which cnemistry has recently discovered, and of these the theory of 
atomicity is one which can scarcely be connected with it at all. In point of fact 
that theory is a merely temporary hypothesis, constructed to keep before our eyes 
the tendency which substances have to form compounds of certain definite forms, 
under special circumstances j and it is scarcely possible to doubt, that in twenty oy 
thirty years it will have passed away and have been replaced by something of a 
more satisfactory character. Meanwhile its important influence on the recent pro- 
gress of chemistry is too obvious to be disputed. It is only to be regretted that so 
many conflicting modes of considering the atomicities of the elements should have 
been introduced by different writers. 

Into the consideration of this matter I should have been glad to have entered at 
some length, but I feel that I have already detained you too long from the actual 
business of the Section, and no doubt opportunities will arise in the course of the 
business for individuals expressing their opinions on this and other subjects. 
Among these the mode of expressing the symbols of chemical compounds, which 
was objected to long since by Sir John Herschel, and has been again brought into 
prominence by the publication of Sir B. Brodie’s paper, merits attention. The 
present unsettled state of chemical nomenclature, so inconvenient to the teacher, 
ought also to be discussed, and it might even be well to consider whether a com- 
mittee should not be appointed to ascertain how far it might be possible to adopt 
a uniform system. Nor do I think we ought to separate without recording our 
opinion on the subject of better and more extended scientific education. The 
events of the Paris Exhibition have brought our deficiencies in this respect very 
conspicuously before us, and show us how much we have yet to do. That we 
have made progress in this respect is not to be doubted, for science is much more 
cultivated now than formerly, and is becoming more and more a branch of general 
education. Much, however, still remains to be done in this direction, especially in 
Scotland, and it will no doubt surprise many of my audience to hear that chemistry 
and natural history are still excluded from the course of study for degrees in arts 
in the Scotch universities. Of late years the study of these and other departments 
of natural science has been introduced to some extent in schools both in England 
and Scotland ; but, so far as my experience goes, without having as yet produced 
results of much importance. The difficulty, I think, lies in the kind of instruction 
offered ; the usual practice having been to give lectures from which the discussion 
of principles and of everything which exercises and developes the mind, is elimi- 
nated, and only that wffiich it is supposed will entertain or surprise is retained, and 
boys are thus led to look upon science merely as a pastime. They are shrewd 
enough to see the difference between this and the closer and more severe system 
of study pursued in the other departments of their education, and they are apt 
either to avoid work altogether, or to acquire their knowledge in a superficial 
manner. The whole system of teaching science to school-boys is a subject which 
merits far more attention than it has yet received, and the success of the move- 
ment must greatly depend on an efficient method of teaching being adopted. All 
these, however, are subjects the discussion of which would carry me far beyond 
the limits of those introductory observations with which it has been customary to 
open the business of the Section. It must be left for its members to bring forw^ard 
their own views on these and kindred questions. 


On an Apparatus for indimtlng the Pressure and Amount of Firedamp in 
Mines, By G. Ansell. 

On a Method of Recovering Sulphur and Oxide of Manganese used at Dieuze, 
near Nancy ^ France, By I. Lowthian Bell. 

Remarks on the Calculus of Chemical Operations, By Dr. A. Crum Brown, 
After observing that, as we have only the first part of Sir Benjamin Brodie’s 
paper before us, it is necessary to be cautious in our criticism, the author enume- 
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3?ated his objections to the system. 1st. That the assumption of the distributiye 
law of multiplication is unnecessary, and leads moreover to the anomalous result 
that the same direct operation does not always produce equal results when per- 
formed on the two sides of an equation, thus x-\-y=-xy\ but multiplying both 
sides by x we get x^ 4- xy and a^y, which are not equal. 2nd. That tne assump- 
tion (for which no evidence is produced) that the unit of hydrogen is a simple 
weight, leads to inconvenient formulae, the symbol a being used to express not 
only the quantity of hydrogen in a substance, but also what those chemists, who 
use atomic language, would call the number of perissad atoms. 3rd. That a system 
of notation substantially the same in fo?'m as that at present in use might be de- 
duced from Sir Benjamin Brodie’s principles, upon the more reasonable convention 
that bodies hitherto undecomposea are not to be represented as compound. The 
ordinary chemical symbols might therefore be used in a functional as well as in an 
atomic sense. 


A Note on Messrs, Wanklyn^ Cha})man, and Smithes method of determining 
Nitrogenous Organic Matters in Water, By Bugald Campbell, F.C.iS, 

At the meeting of the Chemical Society on June 20, Messrs. Wanklyn, Chap- 
man, and Smith proposed to determine the nature and amount of the nitrogenous 
organic matters contained in drinking waters by the amount of ammonia given off 
when a given quantity of the water was distilled rapidly with the addition of cer- 
tain weights of different reagents added at different parts of the distillation, the 
reagents being carbonate of soda, caustic potash, and permanganate of potash. 
Their experiments lead to the conclusion that when a litre of water is distilled 
with two grammes of carbonate of soda, all the nitrogen of the urea existing in the 
water will practically be found as ammonia in the first 300 c. c. distilled over, and 
that none ol the nitrogen existing in albumen or albuminoid” matters, which may 
be in the water, would be evolved as ammonia. 

Experiments were made with pure distilled water containing respectively 
hi hi parts of a grain of urea in a gallon, and in every case nitrogen 

remained in the water after distillation with the carbonate of soda, and was evolved 
by other means and estimated ; and it was only when the part of a grain of 
urea, or less, was dissolved in a gallon of water that the urea was entirely decom- 
posed by carbonate of soda and evolved as ammonia. 

Experiments were likewise made vrith white of new-laid egg equal to 
gV) and part of a grain of dry albumen dissolved in a gallon of pure dis- 
tilled water, distilling one litre of each solution with two grammes of caroonate of 
soda ; in every case distinct quantities of ammonia were evolved and estimated, 
and in the last experiment, with white of egg equal to the part of a grain 
of dry albumen per gallon, practically, all the ammonia in the albumen was evolved, 
there being a loss or only 0 00001 7 grain, a quantity so small as to be attributable 
to an error in observation or otherwise. 

In all the experiments the ammonia was estimated by Nessler’s test. 


On the Synthesis of Formic Acid, By A. B. Catton. 


On Loeivig^s Researches on the Action of Sodium Amalgam on Oxalic Ether, 

By A. B. Catton. 


On a New Polarizing Photometer, By W. Crookes, F.R.S, 


On a Self -Registering Perpetual Aspirator, By A. E. Fletcher, F,C.S, 

This instrument was contrived to assist in carrying out the Alkidi Act of 1863, 
in cases where a continuous register is required of the acidity of the air which 
passes along a flue or ohimney. It is a continuous and self-acting aspirator, which 
draws a measured quantity of air from the flue or chimney through absorption- 
bottles, and re^sters the amount so drawn. 

It consists, hrst, of a small fan three inches in diameter. This is placed in an 
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opening made in the side of the flue or chimney. The draught of air entering by 
this hole gives revolution to the fan, and thence, by means of an endless screw and 
toothed wheel, to a crank which moves a bellows-pump. This draws air from the 
flue or chimney by means of a tube inserted through the brickwork, and causes it 
to pass through the absorption-bottles. The whole is portable, being enclosed in a 
small box, except only the fan, which projects about three inches. 


Oil an Ether Anemometer for Measuring the Speed of Air in Flues and Chimneys, 
By A. E. Fletcher, F.C,S, 

This instrument is contrived for measuring the speed of air in pipes, flues or 
chimneys in cases whore, from the presence of heat, soot, or corrosive vapour, a 
delicate mechanism would be inadmissible. It has been called an ether-anemo- 
meter, since ether is employed in its construction ; by it the speed of air moving 
at any greater rate than that of nine inches per second can be measured. 

The principle employed in its construction is in part that of the Gifford’s injector, 
wherein a current of steam passing the open end of a tube is made to produce a 
partial vacuum in it. 

In the current of air whose velocity is to be measured, is placed a glass or metal 
tube with a plain straight end, and along with it a tube whose end is bent at right 
angles and cut off short. This bent end is turned to face the current, wliile the 
straight tube is so exposed to the current that it passes along its open end. The 
difference of pressure in these two tubes will then be a measure of the velocity of 
the current. The pull or suction of the chimney will be the same in each. 

To measure this difference of pressure, which for slow currents is very small, 
many methods were tried until the present form of apparatus was adopted. It is 
but a modification of the U-tube ; the limbs are cylinders of three inches in dia- 
meter and four inches in length, connected at the bottom by a small horizontal 
tube. The liquid used is ether, on account of its low specific gravity and its mo- 
bility. In each limb is a hollow metal float, scribed with a fine line. The level of 
these lines is read off by a finely divided scale and vernier adjusted by fine screws. 
It is easy to read to i^^h, and therefore to measure a pressure which is balanced 
by a column of ether inch high. 

In order to learn how to connect the readings of the instrument with the speed 
of the air operating on it, it was determined not to depend on calculation only, but 
to test it against currents of air of known speeds. For this purpose a pipe was con- 
structed fourteen inches diameter and 100 feet long, one end being in connexion 
with a tall chimney, the other one open. At the open end a hot brick was placed, 
and at a given signal a drop of sulphuric acid was allowed to fall upon it. The 
cloud of vapour thus raised passed along the pipe, and its arrival at the distant end 
was observed on looking through two holes bored for the purpose. The time was 
noted by a watch held to the ear. Having thus ascertained by two or three trials 
the speed of the air, readings from the ether-anemometer were taken. The speed 
was then altered by means of a slide or damper, and measured again by noting 
accurately the time taken by the cloud of vapour in travelling the 100 feet, and a 
fresh reading of the anemometer registered. In this way a Table was made em- 
bracing the greatest range of speed obtainable by the chimney. 

It was clear from the law oi bodies in motion, that this should obey the formula 
p=v^Xc'y where p = the indication of the instrument, v = velocity of the current, 
and c some constant influenced by the individual details of the instrument. From 
the series of experiments thus made, the value of c was found to be 25*31 : with 
this a complete table of the values of ^ from 0*001 inch to 1*000 inch was calculated. 

The instrument is found to be very satisfactory and reliable in its indications. 

It may also serve as a wind-gauge. A plain piece of iron gas- pipe projecting 
vertically above the roof of the house or observatory, should communicate with 
one limb of the ether-anemometer. As the wind blows over the open end of thi#* 
pipe, a partial vacuum would be formed and measured by the instrument. ^ An 
advantage of this arrangement over the wind-gauges at present in use would lie in 
the absence of all moving parts whose friction might vary, and which might pos- 
sibly be deranged. 
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Table to show the Speed of Currents of Air as indicated hy the Ether Manometer, 

»ip.x 26 ’Sl, 

Temp. 60® Falir. Bar. 80 inches. 


Manometer- 

reading. 

Inches. 

Speed of Air. 
Feet per 
second. 

Manometer- 

reading. 

Inches. 

Speed of Air. 
Feet per 
second. 

Manometer- 

reading. 

Inches. 

Speed of Air. 
Feet per 
second. 

0001 

0*800 

0040 

6*064 

0*300 

13*872 

0*018 

3*397 

0*050 

5*648 

0*400 

16*011 

0 020 

3*580 

0*100 

8*005 

0*500 

17*901 

0*030 

4*385 

0*200 

11*328 

1*000 

25*310 


On the Refraction Equivalents of Salts hi Solution. By Dr. Gladstone, F.R.S. 

The object of this paper was to describe some preliminary observations on the 
effect which various salts dissolved in water exert on a ray of light transmitted 
through them. The author in this way expected to arrive at the refraction-equi- 
valents of all the metals, and of the substances capable of combining with them to 
form soluble compounds. As yet, however, he rather indicated the method than 
the results, as he was unprepared to give precise numbers. 


Eccperiments for the Verification of the Laws of Dr. Henry and Dalton on the 
Absorption of Gases hy Liquids. By Dr. N. de Khantkof. 

The fact of absorption of gases by liquids was known by natural philosophers 
at the end of the seventeenth centurv, but the first serious observations on this 
subject were made by Cavendish and Priestley. 

At the beginning of this century, in the Philosophical Transactions (1803, part 1, 
pp. 29-42), Dr, Henry published a verv important memoir, Experiments on the 
Quantitv of Gases Absorbed by Water, ’^in wiiich ho formulates the law of absorption 
in the following manner : The results of at least fifty experiments on carbonic 
acid, sulphuretted hydrogen gas, nitrous oxide, oxygenous and azotic gases, esta- 
blish the follomng general law — that under equal circtwistances of temperature.^ water 
takes np^ in all cases, the same volume of condensed yas as of yas under ordinary pres^- 
.sure. But as the spaces occupied by every gas are inversely as the compressing 
forces, it follows that water takes up, of yas condensed hy one, two, or more additional 
atmospheres, a quantity which, ordinarily compressed, woxdd he equal to tivice, thrice, 
^c. the volume absorbed under the common pressure of the atmosjjhere.^’ This law 
was accepted without change until now. 

Nevertheless it was evident that so simple a relation between the power of 
absorption of gases by liquids and the pressure, could only be considered as a rough 
approximation, and that in reality a phenomenon so intimately connected with the 
molecular structure of the liquids could not be expressed in such a simple form, 
because the unlimited admission of this law compelled one to admit also an un- 
limited absolution of gases already known to be impossible for all gases, especially 
for the condensible ones. Dr. Henry, from the nature of the apparatus ne con- 
structed for his researches, could not come to any other conclusion. His apparatus 
consisted simply of a glass bell, in which he introduced the absorbing liquid and 
the absorbable gas. This bell was connected with a manometer by a tube of india- 
rubber, and after the establishment of the required pressure, could be separated 
from the manometer and shaken by the obser’v er a long time, for producing the 
total absorption. This construction had two ffreat imperfections : — 1st, it did not 
admit of a pressure of more than three atmospheres without forcing the joint j and 
jjndly, the long contact of the hands of the observer with the bell made very un- 
certain the evaluation of the temperature of the gaseous volume before and after the 
absolution. Saussure repeated the experiments of Dr. Henry without changing 
considerably his ^paratus, and^ came naturally to the same result. Nearly forty 
years after. Prof. Bunsen, of Heidelberg, made a valuable series of experiments on 
the absorption of gases at difierent temperatures, but the ingenious apparatus he 






TRANSACTIONS OP THE SECTIONS. 


35 


invented for tliis purpose could be employed only under the ordinary pressure of 
one atmosphere, and left untouched the relation established by Dr. Henry and Dal- 
ton between absorption and pressure. Lately Messrs. Iloscoe, Ditmar, and Simms 
have made very interesting investigations on the absorption of some highly absorb- 
able gases, and showed that the law of Heniy and Dalton is only exact for elevated 
temperatures. That was the reason which induced my friend Dr. Louguinine and 
myself to undertake a new series of experiments on a gas not so absorbable as 
those investigated by Messrs. Roscoe, Ditmar, and Sinmis — ^namely, on carbonic 
acid gas. 

Before all it was absolutely necessary to construct an apparatus which should 
not have the above-mentioned imperfections of the apparatus of our celebrated 
predecessor Dr. Henry. It was evident that it must consist of a glass vessel ex- 
actly gauged and arranged in such a manner as to be easily put in connexion with 
a large manometer, and separated from it in a ’very short time. Secondly, the 
absorption must be produced, not by shaking the apparatus by the hand, but by 
moving it meclianically in a space with an invariable temperature. The first re- 
quirement was easily obtained by luting* to the open end of our absorption-bell an 
iron tube with a cork, and the second by taking the precaution of making the con- 
tact of the ab.sorbini* liquid and the absorbable gas very perfect by revolving the 
glass vessel, containing the liquid and the gas, in a great mass of water, maintained 
constantly at the same temperature. Tliose are the two principal differences between 
our apparatus jind those of our predecessors ; and without entering into more details 
on our experiment‘d, execiitt'd at the College de Fraiicc in the laboratory of M. Keg- 
nault, 1 pass directly to the results we obtained for carbonic acid gas, and at the 
temperature of 15° l\ or 59° F. 

Tf we designate by ci, the coiflicient of absorption of a given gas under the pres- 
sure Pj, and by the coefficient of the same kind, but under a higher pressure 

cc P 

by the law of Henry and Dalton we must have ecj : eCi=T 2 ’ I^n'^r or 

p ” " * 1-^1 

« — if we designate by u, and by The following Table contains 

the \ allies of a and b given by our experiments : — 


a. 

h. 

a—h. 

1 *2^507 , . . 

. . . 1*1505 . . . 

. . . 0*0712 

1*0751 ... 

. . . 1*8480 . . . 

. . . 0*1271 

2 2003 . . . 

. . . 2*1008 . . . 

, . . 0*1835 

3*0707 . . . 

. . . 2*8094 . . . 

. . . 0*2103 

3*3044 . . . 

. . . 3*1300 . . . 

. . . 0*2276 

3*0f)20 . . . 

. . . 3*3038 . . . 

. . . 0*2982 

3*0351 . . . 

. . . 3*6005 . . . 

. . . 0*2740 

4*2401 . . . 

. . . 3*0247 . . . 

. . . 0 3152 

4*7071 . . . 

. . . 4*4507 . . . 

. . . 0*3104 


In spite of some small anomalies presented by these numbers, it is evident that the 
diflerence a-b is constantly increasing with the pressure, so that this discrepancy 
with the law of Henry and Dalton cannot be ascribed exclusively to the inevitable 
eiTors of observation. 

From the moment that the carbonic acid gas was liquefied, it was evident that 
its coefficient of absorption by liquids must be zero for two dilierent pressures. 
First, for a pressure of nearly zero ; and second, for the pressure which reduced 
the gas, at a given temperature, to a liquid state. But it so, it was also evident 
that the relation betwoim the coefficient of absorption and the pressure could not 
be a simple algebraical and lineal function of these variables, as it was supposed 
by Henry and Dalton, but that this relation could be more nearly expressed by 

a=A-f-BP-fCP*, 

which for fle=0 must give two positive and real values for P, and also 
«= - A-1-BP-CP2 and B>A and C<B. 


Applying to this equation, 


for the different values of « and P obtained by our 

3 ^ 
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experiments, the method of least squares, we find for A, B, and C the following 
values : — 

A= — 0’13259174 with mean probable errors for A = -f 0‘0162094G 
B= +4*21442268 with mean probable errors for B=: +0*01693995 
C= —0*01982625 with mean probable errors for C = +0*00283004. 

These values of A, B, and C being put in the equation «=0, give us the two nume- 
rical expressions of P, which render the coefficient of absorption equal to zero, 
namely,^ = 0*109 atm. and P = 61*1 44 atm. At the same time we see that ec becomes 
a maximum for P= 30*66 atm., and that for this pressure it will be nearly 18 times 
greater than when P = 1. The value of = (>1 atm. is evidently the pressure required 
for the liquefaction of carbonic acid gas at the temperature of 15° C., and we have 
no direct experiments for the verification of this number; but if we take the ob- 
servations of M. Il('gnault on the points of (‘bullition of liquid carbonic acid gas at 
different pressures, we obtain the following Table : — 


Difference 
of teiTiperaturc. 
o 

16*6 .... 
16*7 .... 

11*1 .... 
16*7 .... 

11*1 .... 


Temperatiu*c. Press, in atm. 

—73*3 C 1*8 

—56*7 5*3 * • 

-400 11*1 •• 

—28*9 16, -3 • • 

— 12*2 2(*>*8 • • 

-1*1 37*2 


Difference 
of pressure. 


3*5 
5*8 
5 2 
10*5 
11*4 


If we calculate by means of this Table the pressure necessary to liquefy carbonic 
acid gas at the temperature of 15° C., we obtain exactly the number 61*1 atmo- 
spheres. 

Without attaching more importance than they deserve to the above-mentioned 
numerical expressions of A, B, C, and » and P ma i ima^ kc.y which cannot be strictly 
exact, as being concluded from a too limited series of experiments, I hove mentioned 
them only for showing that our method of experimentation can give us, in a com- 
paratively easy way, — 

1st. The values of prc'ssure required for the liquefaction of gases ; and, 

2ndly. The numerical 'v alue of the maximum of absorption of every gas, vary- 
ing onfy with the nature of the gas and with the temperature. 


rreliminary Notice of Remits on the Composition of Wheat grown for twenty 
years in succession on the same Land, By J. B. Laaves, F.R,S., and 

J. H. Gilbert, Fh.D., KR.S,. FO.S, 

These results had reference to the produce of a field in which wheat had now 
been grown, on some plots without manure, on one with farm-yard manure, and 
on others by different artificial mixtures, for twenty-four years in succession 
(1843-4 to 1866-7 inclusive). At the Cheltenham Meeting of the British Asso- 
ciation in 1856, the authors treated of the effects of season and manures on the 
composition of the crop as illustrated by the results of analysis relating to the 
produce of some of the plots during the first ten years of the experiments*. At the 
Manchester Meeting, in 1861, they recurred to the subject; the analytical results, 
which then extended to the produce of some of the plots for sixteen years, were, 
however, chiefly applied to the illustration of certain points in connexion with the 
exhaustion of soils. At the Nottingham Meeting, in 1866, they treated of the 
accumulation of the nitrogen of manure in the soil of the same experimental field. 
The results adduced on the present occasion showed the effects of season and 
manuring on the composition of both the grain and the straw during twenty years 
of the experimental growth. 

The particulars of composition given are — the percentages of dry substance, 
of mineral matter, and of nitrogen, and the constituents of the ash of both grain 
and straw, more than 200 complete ash-analyses being brought to bear on the 
subject; and, side by side with these, as indicating the general characters of the 

* “ On. some points in the Composition of Wheat-grain, its products in the Mill, and 
Broad,” Jouto. Chem, Soc vol. x. 
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produce of the different seasons and plots, are given the proportion of com to 
straw, and the weight per bushel of the com. ^ 

In the case of the plots without manure, with fami-yard manure, and with 
ammonia-salts alone, every year, the ash of the grain of the last sixteen, or more, 
and of the straw of the last sixteen, of the twenty years, had been analyzed j and in 
the case of nine difterently manured plots (including the above three), the ash, of 
both corn and straw, of the first, the last, and two intermediate seasons (one bad 
and one good) of the last twelve of the twenty years had been analyzed. It was 
the intention of the authors to publish the results of the investigation in detail 
before long ; and on the present occasion they confined attention to a few of the 
most prominent effects oi the respective manures on the composition of the crop, 
when thus applied for so long a continuance, year after year, on the same plot. 

It is first pointed out as remarkable, though fully established by their results 
from the commencement, that variation in manure, even though maintained for 
many years in succession, and resulting in great \ ariation in amount of produce, 
affects comparatively little either the proportion of corn to straw, or the \v eight 
per bushel of the corn ; excepting, indeed, in a few extreme cases of abnormal 
exhaustion or repletion. Nor do the percentages of dry substance, of mineral 
matter in dry substance, or of nitrogen m dry substance, vary much under the 
direct influence of variation in manure, unless again in very abnonnal cases. 
Very different, however, is the effect of season ; the variation in the character of 
the produce, in every one of the above particulars, being much greater in different 
seasons with the same manure, than with dilferent manures in the same season. 

Consistently with these broad facts, the composition of the ash of the grain is 
found to be pretty uniform under a great variety of maniiiial conditions in one and 
the same season ) only in a few extreme cases, of special interest, varying in any 
material degree. The same may be said in some, though in a much less degree, 
of the composition of the ash ot the straw, which is obviously much more directly 
affected by the character of the supplies within the soil. 

The general result is that (exc(‘pting in a few abnormal cases), llie variation in 
the composition of the ash of the grain is limited to the slight \aiiations due to 
differences of developmentj and maturation, 'VAliich, in their luin, aie much 
greater with variation of season than with variation of manure, ^iffie composition 
of the ash of the straw, on the other hand, much more nearly represents the total 
mineral matters taken up by the plant, and much less the cliai actor of dt'velopraent 
of its own more fixed and essential constituents. In other words, whilst there 
may be considerable range in the composition of the matters taken up by the 
entire plant, the tendency in the foimation and ripc'ning of the idtiniate product, 
the seed (whether produced in small quantities or large), is to a fixed and uniform 
composition, the deviation from which is little directly affected by the character of 
the supplies within the soil, but much more by the various influences of season. 

The deviations from the point of fixed and uniform composition, thus due pri- 
marily to variations in climatic circum.stance, are, however, when considered in 
relation to other characters of the grain, sufficient to show the general connexion 
between the comparative predominance of individual constituents and that of 
certain general characters of development. A few illustrations were given, but the 
fuller treatment of the subject, in its bearing on these as well as on other points, 
was reseiwed until the results could be considered in the detail necessaiy to their 
premer elucidation. 

One point of interest prominently brought out by the results relating to the 
composition of the straw-ash wa^^, that a high percentage of silica was almost 
uniformly associated with a bad, and a low percentage with a good condition of 
the produce j a fact to which the authors had on former occasions called attention, 
but which, as was remarked by the President, was quite inconsistent with the 
generally accepted views on the subject. 

Notes of the Analyses of Gold Coins of Columhiciy New Granadaf Chili, and 
Bolivia; with some account of the operations of Gold Mining in Not a 
Scotia. By George Lawson, Ph.D., LL.D., Professor of Chemistry, Dal-- 
house College, Halifax, U.S. 
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On the present Uses of Lichens as Dye-stuffs, 

By W. Lauder Lindsay, ALD., F,B,S, Edinh., F.L.S, 

The paper treats of the subject under two principal heads, viz. 

I. The Commercial Dye-lichens and Lichen-dyes : and 

II. The Domestic Dye-lichens and Lichen-dyes. 

When the aniline colours were introduced some years ago, technologists pie- 
dicted with confidence the rapid disuse of lichen-dyes, on the ground of the supe- 
rior beauty and permanence, as well as abundance and cheapness, of the former. In 
like manner, many years ago, scientific authorities Tcntured to assert that if there 
lingered then in the more remote corners or loss accessible districts of Scotland 
any vestige of the domestic or home-use of lichens as dye-stufis — a practice which 
at one time largely prevailed — such a rude procedure or custom would speedily 
disappear before the march of civilization, the penetration of the Highlands by 
railways, the establishment of regular steam communication between Edinburgh 
or Glasgow and the western and northern islands, the cheapening and multipli- 
cation of coal-tar and other dye-stuffs, and of the printed goods (woollen and 
cotton) of Glasgow and Manchester, Hawick, and Leeds. Investigations made 
in the course of collecting materials for a work on Biitisli Lichenology, in pre- 
paration by the author (including the results of an examination of the Inter- 
national Exhibitions of London and Paris, an inspection of the orchill manufactory 
of Messrs. Burton and Garraway of Bethnal Green, London, and of a tour through 
the Hebrides, Orkney, and Shetland in Ma}" and June 18(50) have led him to the 
conclusion that all such predictions or assertions, whether regarding lichens as 
commercial or domestic dye-stuffs in England and Scotland, are at least premature, 
and that there is abundant evidence of a long future of usefulness for lichen dye- 
stufis in this and other countries. 

Under the head of 


I. Commercial Dye-lichens and Lichen-dyes, 
the author’s chief propositions are the following : — 

1. French colorists especially appc'ar to have devised new processes for ensuring 
permanence of lichen-dyes, where})y they can now quite compete in this 
respect with the aniline colours, to ■n\ I nch they Inn e ne^erbeen inferior in 
point of beauty. 

2. New forms of lichen-dyes have been patented; especially combinations of 
orchill liquor, or its equivalent, with alkalies or earths in the form of lakes, 
whereof the most familiar ancl important is that known as ^^Frcnch purple^' 
the patent of Messrs. Guinon, IMarnas, and Bonnet of Lyons, by Avhom it was 
exhibited in London in 1802. 

3. While the older dye-lichens have gradually been given up, ne^v and more 
valuahle tinctorial species c been introduced : or the use of some of those 
which were at one time little familiar, lias now become greatly extended. 
Manufacturers now import almost exclu&i'vely the lloccellce ; and hn the most 
part lioccclla fuciformis^ or its allies or varieties, as these occur on frees in 
tropical or subtropical countries, near the coasts. 

4. The finest tinctorial forms of Jtoccella are Equatorial^ growing within the limits 
of 10° north and south of the Line. 

5. Tlie ^^orchella weeds,” at present of greatest value in the British market, are 


1. ^Mozambique, 

2. Ceylon, 

3. Angola, 

4. Ijima and I i 
Bombay 

5. Cape Verde, 


Si ** 

i-Sh 

a a> 

Qj 
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0. The principal importers of ^^orchella weeds” are the Portuguese, French, 
and English. 

7. The same species ol LtocceUa possesses Aery difierent tinctorial qualities, 
according to its geographical source. 
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8. It is impossible to foretell or estimate the colorific value of any given new sam- 
ple of orchella weed ” by any tests or series of chemical or other experiments 
on the smaU scale. It can be determined only by manufacture on the large scale \ 
and as this is an experiment that necessarily involves the risk of heavy pecu- 
niary loss, it is not surprising that new materials and new processes are 
accepted or adopted with unusual tardiness or caution. 

9. The substitution, as an article of import, of the colorific principles for the 
bulky dye-lichens themselves has not yet been adopted by manufacturers, 
though recommended strongly by chenusts. 

10. New commercial sources of valuable tinctorial HocceUce have been discovered 
— new markets opened up. Their present chief geographical sources are, 

1. Africa and its islands. 

2. South America ; and 

3. India and its islands. 

11. The commercial sources of orchella weeds ” of the finest quality may yet bo 
greatly multiplied, and are so far from being exhausted, that they cannot yet 
be said to be fully developed or discovered. 

12. The only visible effect of competition with other dye-stuffs has been greatly 
to reduce the market value of ^‘orchella- weeds.” 

13. Nevertheless, their products — French purple, orchill, and cudbear — are suc- 
cessfully competing with the aniline, and all other colours, of their class 
hitherto introduced. 

14. So far from being superseded, the import of dye-lichens and manufacture of 
lichen-dyes in Europe is, perhaps, now more extensive and moro flourishing 
than at any pre\ious period. 

15. The manufacture of lichen-dyes in this country has not reached perfection ; 
and if with all their imperfections of manufacture they can successfully com- 
pete with aniline, whose preparation and applications ai’e much more highly 
scientific, they have little reason to fear competition in the future, v/hon 
applied chemistry shall have lent its aid to their proper production and 
applications. 

Under the head of 

II. Domestic Dye-lichens and Lichen-dyes, 

the author’s cliief propositions are as folloAv : — 

1. The domestic use of lichen-dye^ is prevalent over whole districts in Scullund, 
— even in and around large seaports, which ha\e steam communication with 
Glasgow or Edinburgh, sometimes two or three times a week (e. g. Stornoway) , 
and which may be presumed therefore to be well supplied with the cheapest 
and most abundant products of British manufacture. 

2. In the outer Hebrides (Lewis and Harris) Crottlo ^ ’’ {Parmelia sajcatilis) 
is universally used in the dyeing of 

a. ^^Kelt,” a home-made cloth. 

h. Rtocliings and socks. 

c. Polkas and scarfs. 

d. Hearthrugs and other articles. 

3. The articles of clothing so dy’^ed are disposed of hg barter to the merchants 

* The term “ Crottle ” or “ Crotal” is also applicable gonerically to dye -lichens. With 
various descriptive profixos, it has been, or is, applied in different parts of the United 
Kingdom to other species of ParmeHa, as well as to species of other genera, e.g., to 

Parmelia saxatihs, var. omphalodes = black crottlo. 

P,.physodes = dark crottle. 

P. caperata = stone crottle. 

Lecanora tartarea = (par exoellenoe) crottle. 

Z-, parella = light crottle. 

Isiaium corallinum = white crottle. 

Sticta pulmonacea = hazel crottle. 

Vide the author’s work on ‘ British ’ (1350), p. 33G. 
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of Stornoway ; and are subsequently to be met with in the southern markets 
(c. g. Glasgow). 

4. Cudbear is also largely used in the same islands (Lewis and Harris), being 
imported from southern markets via Glasgow. 

5. In Caithness and Sutherland a similar use is made of ^^Crottle,’’ Thurso 
being the market and seaport to which the home-dyed produce is consigned 
hf barter, 

6. Similar use is made of Crottle ” and other lichens (e. g. Lecanora tartarea, 
Mamalina 8c^ulorum^ Sticta puhnonacea)^ in Lochaber, Badenoch, and other 
mrts of the Scottish Highlands. 

7. The process of dyeing varies greatly in difierent districts, ammcmxacal macc^ 
ration being apparently unknown in the Hebrides, while it is or was generally 
adopted in the central Highlands. 

The conclusion of the paper is occupied with observations on the present unsa- 
tisfactory character or condition of 

1. The chemistry of lichens, and more especially of the lichen-dyes. 

2. The lichen-exhibitions in our national Museums ; and 

3. Lichenological literature ; so far at least as this is represented by standard 
works of reference — Botanical and Chemical. 

In regard to the first subject of complaint, he advocates a new series of re- 
searches to be undertaken cmijointly by competent chemists and lichenol agists^ so that 
the one may assist or correct the investigations of the other: in reference to tlie 
second, a systematic arrangement, by competent lichenologists and chemists, with 
proper periodic supervision and rearrangement j and as concerns the thiid, the 
consultation, by compilers, of original recent worlis of research instead of repe- 
tition at second hand of the obsolete notions and errors of the earlier authors. 

On a Nciv Synthesis of Ammonia. By P. T. Main and A. B. Cation. 

Note on the Artificial Production of OH of Cinnamon, 

By W. L. Scorr. 

On the Bisidydiitc of Calcium as a Preservative of Animal Substances. 

By W. L. Scott. 

On a Compound formed by the direct union of Aldehyde and Anhydrous Prussic 
Acid, By Maxwell Simpson, M.l),, F.Ii,S,, and A. Gautier, M.l). 

The synthesis of alanin from aldehydate of ammonia, prussic and hydrochloric 
acids, and the formation of lactic acid by the action of the same acids upon alde- 
hyde, render highly probable the existence of an intermediate bod}^, resulting from 
the direct union of prussic acid and aldehyde, the formation of which constitutes 
the first phase in these reactions. It is this body which forms the subject of the 
present paper. 

If one molecule of anhydrous hydrocyanic acid be added to one molecule of dry 
aldehyde, "contained in a balloon surrounded with a freezing mixture, the two 
liquids mix without combining chemically, and their chemical combination is not 
accelerated by heating at 100® C. If, however, we leave them in contact for ten 
or twelve days at the ordinary temperature of the air, they gradually unite, form- 
ing a perfectly transparent and colourless liquid. On subjecting this to distillation, 
it was observed that hardly a drop passed over under 100° ; a small quantity be- 
tween 100° and 174°, and "the remainder of the liquid between 174° and 185° C. 
On redistilling the latter portion it was found that the greater part passed over at 
about 183° C. A considerable quantity, however, came over between 40° and 60°, 
consisting principally of the parent bodies, which had been dissociated by the 
simple vaporization of the, liquid. On leaving these bodies thus dissociated* once 
more in contact for some days, the point of ebullition rose as before to 183® C. 

^ The liquid was distil ed iivith great rapidity. 
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The fractions distilling at 180® and between 183" and 184® C.* gave on analysis the 
following results : — 

Product boiling Product boiling Theory, 

at 180° 0. between 183°-184° C. CNH,C.,H.O. 

C 49-78 51-70 60-71 

II 7-44 7-04 7-04 

N 20-42 19-83 

These analyses prove that the body in question results from the direct combina- 
tion of one molecule of aldehyde and one molecule of prussic acid, or at least of 
equal numbers of molecules of these bodies, and that its point of ebullition is inter- 
mediate between 180° and 184°. We have tried the ^ove experiments on mix- 
times containing the two generating bodies in various proportions, but always with 
the production of the same compound. The name we propose for this body is 
cyannydrate of aldehyde, which is simply founded upon its synthetical formation. 

Properties. — The cyanhydrate of aldeliyde is a colourless liquid, having a faint 
odour of its generators ; it has a bitter and acrid taste ; it does not crystallize at 
— 21° C., but becomes syrupy. It can bear the temperature of 150° for a considerable 
time without siiflering decomposition; at 180°, IioweTer, slight dissociation com- 
mences, and the liquid must be rapidly distilled in order to avoid the loss of a 
considerable quantity. It is soluble in all proportions in water and alcohol. It 
may be heated with water in a sealed tube to 150° without siidering the slightest 
decomposition, and the entire liquid can be recovered by distillation. Caustic pot- 
ash appears to separate it into its tw^o generators, forming cyanide of potassium 
and resin of aldehyde. A little ammonia is also evolved, owing probably to the 
decomposition of the cyanide of potassium. 

Gaseous ammonia is absorbed by cyanhydrate of aldehyde, with the production 
of a base, which gives a precipitate with bichloride of platinum. Our analyses of 
this salt have not y et enabled us to ascertain the composition of the base. 

A strong solution of hydrochloric acid acts with great \ iolence at the ordinary 
temperature of the air upon cyanhydrate of aldehyde. If, however, the cyanhydrate 
be introduced into a balloon surrounded by a freezing mixture, and the hydrochloric 
acid be added gradually, the two liquids mix witliout any reaction taking place. 
On removing the balloon from the freezing mixture and placing it in water at the 
ordinai-y temperature, the reaction soon commences, and proceeds gradually till the 
entire liquid becomes a mass of crystals. The se w^ere twice treated with absolute 
alcohol in order to separate the chloride of ammonium which is formed. On eva- 
porating the alcoholic solution a fyrupy liquid was obtained, which was saturated 
at 100° with pure oxide of zinc and hUered. The filtered liquid ga\e, on cooling, 
a mass of beautiful prismatic ci-ystals. These were recrystallized, heated in an 
oil-bath to 150° C., and analyzed. The numbers obtained prove that the body in 
question was the lactate of zinc, as will be seen from the following Table : — 

Experi- Theory, 

nient. CiH.ZiiO^. 

C 29-84 29-03 

H 4-62 4-13 

Zn 20-77 20-75. 

The following equation explains the formation of this acid : — 

C,II,0, IICN-hllCl-f 2(I1,0) = C3H/3 4-NH,C1. 

The insolubility of this salt in alcohol, its non-decomposition at 3 50°, and its crys- 
talline form, sufficiently prove that the acid combined with the zinc was the lactic 
acid of fermentation, and not the sarcolactic. 

The behaviour of cyanhydrine of aldehyde towards hydrochloric acid and caustic 
potash, proves that it is isomeric and not identical with the cyanhydrine of glycol 
discovered by Wislicenus. 

We have endeavoured to obtain the vapour-density of this body by Dumas’s 
method, but without success. On licating the balloon containing our' body to 
210° in an oil-bath, we observed, on removing it from the bath, that the aldehyde 
had been converted into a resin. On deducting its weight from the weight of the 
balloon, the density of the vapour approached very near that of prussic acid. It 
appears to us, however, to be sufficiently proved that this compound contains only 
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one molecule of each of the parent bodies, from the fact that it pves lactic acid 
with hydrochloric acid, and that it separates by the action of heat into prussic acid 
and ordinary aldehyde, and not into a polymer of aldehyde such as elaldehyde or 
paraldehyde. 

The cyanhydrate of aldehyde is, in our opinion, a very striking example of an 
organic compound which the temperature of vaporization decomposes, and the 
prolonged action of time reconstructs. 

On the Formation of Succinic Acid from Chloride of Ethylidene. 

By Maxavell Simpson, F.li.S. 

Some years ago * I ascertained that when bromide of ethylene is successively 
treated with cyanide of potassium and caustic potash, ordinary succinic acid is 
formed. This reaction has since been coniirmed by M. Geuther t; who, however, 
enmloyed chloride instead of bromide of ethylene. 

It occurred to me that it would be interesting to ascertain whether the chloride 
of ethylidene would, when subjected to the same treatment, produce the same or 
an isomeric acid. One would baturally expect the latter result, seeing that tli^‘ 
constitution of the chloride of ethylidene is diffenmt fioni that of tlie chloride of 
ethylene. The folloAving formulae will make this intelligible, and show the pro- 
bable constitution of the isomeric acid : — 

CTLCl CILCy 011^,(00011)' 

illjCl (illsCy OII/C'OOII)' 

Chloride of Cyanide of Ordinary 

otliylono. ethylene. euccmie iieid. 

cii, on, cii, 

iiicij 0110,2 ('jii(coniT)2 

Chloride of C) anido of Isomeric acid, 

ethylidene. ethylidene. 

It is to bo observed that in the transformation of cyanide of cthjlone into ordi- 
nary succinic acid, the group COOIl takes the place of each equivalent of cyanogen. 
In the transformation of cyanide of ethylidene, it is to be supposed that the 
cyanogen is replaced in a similar manner, with the formation of an isomeric acid. 

In order to determine this point, I made the following experiments : — 

A mixture of one eqiUA’^alent of pure chloride of cthyle chlore, which is identical 
with the chloride of ethylidene, tAvo equivalents of pure cyanide of potassium, and 
a large quantity of alcohol was exposed in a sealed matrass for twenty-seven hours 
to a temperature ranging between 1G0° and 180° Cent. 1 had previously ascer- 
tained that a high temperature was necessary in order to produce a reaction. At 
the expiration of the aboA^e-mentioned time the matrass Avas opened and its con- 
tents nltered. The filtered liquor was then treated with solid potash, and after- 
wards exposed to the temperature of a water-bath till ammonia ceased to bo 
evolved. When this was observed, the alcohol was distilled ofi", and nitric acid 
added in excess to the residue. Finally, this was evaporated to dryness at a low 
temperatm’e, and the liberated organic acid taken up by alcohol. By dissolving 
in aosolute alcohol, and crystallizing from water, the acid was obtained quite pure. 
The quantity of acid formed was not large. Dried at 100° Cent., it gav^e the 
following numbers on analysis : — 

Theory. 



8uccinie acid. 

Experiment. 



per cent. 



48 

40*67 

40*86 

IP 

6 

6*10 

6*66 

0^ 

64 

64*23 

)) )f 


118 

100*00 



* Philosophical Transactions for 18G1. 
t Annalen der Chcniie und Phannacio. Band oxx. S. 268. 



TRANSACTIONS OP THE SECTIONS. 


43 


It had, then, the composition of succinic acid. That it was the ordinary acid 
was sufficiently proved by the following properties and reactions : — It melted at 
179° Cent., and sublimed in the form of needles on the application of a higher 
temperature. The vapour produced, on bein^ inhaled, instant coughing and a 
painful sensation in the nostrils. The neuti*alized acid gave an abundant brown 
precipitate on the addition of perchloride of iron. This test was tried both before 
and after the body in question had been treated with nitric acid, and with the 
same result. 

The only explanation I can give of the formation of ordinary succinic acid in 
this case is, that the chloride of ethyle chlore was, in presence of the cyanide of 
potassium, partially converted, by the high temperature to which it had been sub- 
jected, into chloride of ethylene, one equivalent of hydrogen changing its place 
with one equivalent of chlorine : — 

CIT, CII^Cl 

C'lICls ~ iiixi. 

Since the abo^e was wiiUen I perceive that JNl. Wichelhaus * has formed the 
isomeric acid from cyiiupi’opioiiic acid. Thf‘ diliereuco between it and the ordinary 
acid is well marlved. Its melting-point is 40° lower, and it does when neutra- 
lized, gh e a precipitate with perchloride of iron. 

These results correspond, to a certain extent, with the researches of M. Caventou, 
who has shown that ordinary glycol can be obtained from the bromide of ethyle 
bronuS. 

Oil the Gaseous Prodacth' of the (le.^fnictive dhtlUatlon of Htfdrocarhons, 

obtained front Shed and Coals at Loiv and IFkjIi Temperatures. By li. 

F. Smith. 

♦ 

On the Economization of Eidptlmrous Acid in Copper JSmeltiny. 

By TEriai Spexoh, F.C.S. 

Lord Derby (in 1801) obtained the appointment of a committee of the House of 
Lords for obtaining evidence as to the noxious vapours from chemical and other 
worhs. That invest ijiation, carried over many months, resulted in the passing of 
tin* Alkali Works Act, so ably and successfully carried out by Dr. Angus Smith 
as inspector. 

A large amount of evidence was elicited by the committee as to the emission of 
sulphurous acid and arsenious acid from the copper smelting works of Swansea 
and other parts of the kingdom, but no legislation was adopted as to these works, 
because, with the exception of the writer of this paper, all the witnesses testified 
to there being no practicable means of suppressing the acknowledged nuisance 
without destroying the trade. 

The object of this paper to show that the means then proposed to the Lords’ 
Committee by the writer for, to a large extent, suppressing this nuisance, by the 
conversion of the sulphurous acid into sulphuiic acid by the aid of furnaces of the 
writer’s invention, have since then been in large and successful operation at the 
(toole Alum and Smelting Company’s works at Goole in Yorkshire, .who are at 
this present time smelting 200 tons per week of copper ores, four-fifths of the 
sulphur which these ores contain being converted into sulphuric acid. 

About two months previous to the reading of this paper the writer sent one of 
his chemical assistants to Goole to superintend, during a month, some large expe- 
riments in the ordinary course of work, analyzing the results at every stage, so that 
reliable data might be" obtained. 

One of these experiments is given, and as it is typical of the general operations, 
it may be taken as indicating what is being done. 

lOi tons Cornish ores, containing 19 per cent, sulphur. 

13.} tons Spanish smalD, containing 47 per cent, sulphur. 

24 tons. 

* Zeitsohrift fur Chemie, Neue Folge iii. Band, S. 247. 
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Total sulphur. 
Tons. cwt. qrs. lbs. 

These ores mixed gave 33*3 per cent, of sulphur = 8 0 0 0 


The ore calcined, the SOg all going to the vitriol chamber, 
yielded 22 tons calcined ore, containing 8 per cent. 

sulphur = 1 15 0 0 

The whole smelted gave of regulus 2 tons 15 cwt., contain- 
ing 28 per cent, sulphur =» 0 16 1 20 


Loss of sulphur in this stage 0 19 2 8 

The 2 tons 15 cwt. regulus was calcined, the SO^ again 
going to the vitriol chamber, and gave 2 tons 10 cwt. con- 
taining 9 per cent, sulphur = 0 4 2 20 


All which must be dissipated — loss 1 4 1 0 

Sulpliur economized 0 15 3 0 


Or 8 0 0 0 

Sulphur economized 84*8 per cent. 

Sulphur lost 15-4 per cent. 


On the Preservation of Stone, By John SriLLER, F.C.S, 

For several years past the author has been studying the causes of the decay of 
stone, and experimenting with such chemical reagents as appeared to oiler any 
promise of being usefully applied as means of prevention. At an early stage of 
the investigation it seemed probable that the corrosive action of sulphurous and 
sulphuric acids in the atmosphere, resulting from the combustion of coal fuel, 
would operate, in large towns especially, in a destructive manner upon dolomite 
and the numerous class of limestones commonly employed in public buildings. 
This chemical action, aided by the simultaneous attack of carbonic acid and mois- 
ture, and in the winter season further supplemented by the disintegrating eliects 
of froot, are conceived to furnish a sutiicient explanation of all the facts observed. 
Dr. Angus Smith, Mr. Spence, and others having already directed attention to the 
immense scale of production of tlicse sulpliur-acids, tlie author proceeded to quote 
statistical data show ing the extent or degree of pollution of the air from this cause 
in the manufacturing districts of Lancashire. Numerous samples of dolomite, 
Caen, Bath, and Portland stones fresh from the quari'y hav^e been tested, but with- 
out finding more than a trace of ready-formed sulphate, wdiert'as scrapings taken 
from the decayed portions of the stone of the New l^alace at Westminster were 
bitter to the taste, in consequence of the comparatively large amount of sulphate 
of magnesia formed during a few years’ exposure to the sulphurous gases occurring 
in a metropolitan atmosphere. Caen stone from several buildings and localities, 
Portland stone, and even old faces of chalk cliff in the neighbourhood of Woolwich, 
were in like manner found to contain appreciable quantities of the sulphate of 
lime, having undoubtedly a similar origin. A close examination into the circum- 
stances attending the decay of stone at the Houses of Parliament invariably shows 
an increased liability to corrosion under the projecting eaves and mouldings, and 
at such sheltered parts of the stone surfaces as are usually covered with soot and 
dust, and are in a position to retain for the longest period the moisture absorbed 
during a season of rain. In many cases the disintegrated stone exhibits white 
crysteus of the sulphate of magnesia, which alternately dissolving and recrystal- 
lizing in the pores of the stone, may be conceived to exert a disruptive action 
sufficient to account for the scaling and fracture of the dolomite, which has been 
so often observed. With the view of overcoming some of these difficulties, the 
author submitted a plan to the Koynl Commissioners charged wnth inquiring into 
the decay of stone at Westminster, in May 18C1, which consisted in tlic applica- 
tion to the cleaned surfaces of the stone of an aqueou'^ solution of superphosphate 
of lime — a salt remarkable for its action in hardening the surfaces of chalk, Caen 
stone, or other calcareous building-stone to which it may be apj)lied, either by 
brushing or immersion, and which acts upon the carbonate of lime in the stone, 



TRANSACTIONS OF THE SECTIONS. 


45 


giving rise to the formation of Bodeker’s salt (crystallized diphosphate of lime — 
20a0, no, POg + 4 Aq). This suggestion received a practical trial at the 
Houses of Parliament, in a conmetition to which five other candidates were 
admitted by the Eight Hon. the First Commissioner of Her Majesty’s Works in 
April 1864. 

Another promising scheme, for the treatment of the decayed stone, especially 
applicable to dolomite, consists in the employment of baryta conjointly with the 
hardening salt, so that a base may be presented which is endowed with the power 
of destroying the soluble sulphate of magnesia in the pores of the stone, forming 
with it tne remarkably insoluble sulphate of baryta, ana at the same time engaging 
the magnesia in one of its most difficultly soluble combinations. On a recent 
occasion this process was applied to some Caen-stone facings at St. John’s Church, 
Woolwich, which were badly decayed. Several examples of the application of 
the superphosphate to decayed Caen, stone were referred to ; and with respect to 
Portland stone, the earliest experiments were said to have been made at the Army 
Clothing Establishment, Woolwich, where (in 1861) some decayed window-sills 
were treated with perfect success. 

In connexion with the treatment of Portland stone, some interesting results 
were then described, which serve to illustrate the increased hardness and strength, 
and the diminished rate and capacity of water-absorption attending the employ- 
ment of the superphosphate. By treating small cubes of Portland stone with the 
phosphate solution, and when dry subjecting them to gradually increasing pressure 
until crushed between plates of lead in the American Testing Machine at the 
Koyal Gun Factory, it was found that the hrmhing ivcight of the stone was aug- 
mented by 50 per cent. The increased hardness of the stone after treatment could 
be readily ascertained by scratching with a pointed instrument of copper, which 
metal proved to possess a degree of hardness intermediate between the original 
and treated Portland stones. The porosity of the stone, as indicated by the 
amount of water absorbed, proved to be greatly diminished in the case of the 
treated cubes. The advantage of the process is most clearly apparent in the denser 
and more compact variety of Portland known as the Whit Ikd,” which alone is 
employed for external building purposes; that known as the Base Bed,” is softer, 
and only fit for internal decoration, and its texture is so porous that in becoming 
saturated it absorbs nearly 10 per cent, of water. Samples of Mansfield dolomite 
absorbed amounts of water varying in difierent specimens from 6 to 8 per cent. 
After treatment by this process, the degree of absorption was reduced one half, and 
the results were even more favourable in the case of Caen stone. The cost of 
materials employed in the treatment of stone according to this plan is verv trifling, 
and bears but a small proportion to the cost of labour necessarily expended upon 
the cleaning and preliminary preparation of the stone before the solution can be 
applied. One gallon of solution will cover about 250 feet superficial, when two 
coatings are applied upon Caen or Portland stone. The superphosphate employed 
must not contain any appreciable amount of sulphuric acid, ana the specific gravity 
of the solution, when diluted for use, should be about 1*1. 

On certain Neiv Processes in Photography. By Join^ Stiller, F.C.S. 

Under this head were described several interesting improvements in photography, 
based on the chemistry of gelatine. The processes to which reference was made 
were the various modifications of the Woodbury type, including the new method 
of micro-photo-sculpture, the art of photolithography, as practised in the Boyal 
Arsenal at Woolwich, and some illustrations of the use of gelatine or albumen, on 
a foundation of silk, satin, or cambric, the work of Mr. H. B. Pritchard, of the War 
Department. The Hon. H. Fox Talbot was one of the first to describe and make 
a practical use of the action of light upon a mixture of gelatine and a soluble 
bichromate, and after him Col. Sir H. Ames, Mr. Swan, of Newcastle, and Mr. 
Woodbury, of Manchester, have applied the same chemical principle in new direc- 
tions. It is known that the chemical rays of light have the eflfect of rendering 
insoluble gelatine to which a bichromate has been added ; and it would appep that 
this oxidizing salt hardens the animal substancd^ fowuing with it a combination 
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of chromic oxide. In proof of this view, it may he stated that Mr. Swan has lately 
devised a mode of working, in which a minute quantity of chrome alum or sulphate 
of chromium is used instead of the red chromate, and it is found that, when dried, 
this mixture is not again affected by water. The carbon prints of Mr. Swan, which 
were exhibited last year at Nottingham, arc illustrations of the use of a chromate 
in conjimction with gelatine and pigments. Mr. Woodbury's process is also based 
on the insolubility of the chromo-gelatine after exposure to light, and upon the 
subsequent action of water upon a sensitive him, which has been in difterent degrees 
influenced by insolation under an ordinary photographic negative. The depths of 
tint in the original are represented by variations in the thickness of the film of 
gelatine left unacted upon oy water, and this dried may then be used as a matrix 
to produce a corresponding series of depressions upon a surface of lead or type- 
metal by the aid of a powerful h;ydraulic press. The blocks so produced serve for 
printing off a great number of proofs when they are liberiilly inked” with warm 
gelatine, highly charged with Frankfort black or other suitable pigment, and pressed 
down upon a smooth sheet of paper until the excess of ink is forced out on all four 
sides of the block and so removed from the space constituting the area of the pic- 
ture, which, when set, is, lastly, protected with a varnish of collodion, 

Mr. Woodbury has lately perfected a modification of his process, which is ap- 
plicable to the representation in high relief of microscopic objects. The method 
consists in spreading a warm solution of gedatine, containing a little sugar and 
bichromate of potash, over a glass plate previously coated witli collodion. The 
film sets on cooling, and is then placed in contact with an ordinary photographic 
negative of the microscopic objects to be delineated, exposed to light, submitted as 
bciore to the action of water, and the soluble portions washed away. When the 
surface moisture has evaporated, a mixture of plaster of I^aris, containing a small 
proportion of alum, is poured over the relief to the thickness of half an inch, and 
left to set When dry it will be found, owing to the alum in the plaster harden- 
ing the surface of the gelatine directly on comingin contact therewith, to leave the 
gelatine easily, without any fear of adhesion. To give a finished appearance to 
the resulting casts, this intaglio, when dry, may be placed in a lathe, and a suit- 
able border turned on it, which will be represented in the resulting proofs by a 
raised border, similar to what is seen on medallions or plaster casts. The name of 
the object may also be neatly cngi'aved on the intaglio, to appear in raised cha- 
racters on the reliefs. This intaglio should then be well waxed to fill up the pores, 
and is ready for taking any number of impressions in plaster ; or a better plan is to 
take one in plaster, and having smoothed away any defects, to mould a reverse in 
sulphur, which will give a greater number of fine impressions. The progress made 
during the year in perfecting the details of photolithography have led to the 
practical use of this art as a means of procuring on a reduced scale printed repro- 
ductions of the large series of lithographs issued for the use of the British army by 
the Royal Carriage Department. The steps followed in conducting this process 
were briefly described, and a yariety of ilhivstrations produced at a very low cost 
were exhibited. The issue of these pliotolithographs by the War Department has 
already attained to many thousands. 

Synthesis of Caproic Acid. By J. Alfred Wanklyit and Robert Schenk. 

Mercury-amyl was prepared by the process of Frankland and Duppa, and con- 
verted into zinc-amyl by prolonged digestion with zinc. 

The purity of the mercury-amyl had been guaranteed })y a determination of mer- 
cui^ which agreed with the theory. 

The zinc-amyl was sealed up with sodium and heated in the water-bath. The 
action of the sodium is very slow. Having prepared sodium-amyl, we exposed it 
to the action of dry carbonic acid, which acted energetically, evolving heat. The 
product of the reaction was treated with water, evaporated down to dryness, and 
the residue distilled with dilute sulphuric acid. Au oily acid distilled over, and 
was converted into a baryta salt. The baiyta salt was submitted to analysis, giving 
results concordant with the theory. Carbonic acid, therefore, behaves with sodium- 
amyl just as with sodium-ethyl and sodium-methyl. 

COa+NaCJl , i = 
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On the Existence of Putrescihle Matter in Elver and Lake Waters, 
By J. Alfred Wankltk. 


Action of Sodium on Valerianic and similar Ethers, 
By J. Alfred Wankltn. 


On the Electrical Besistances of the Fixed and Volatile Oils*, 

By T. T. P. Brdce Warren. 

The want of an acknowledged and reliable means of recognizing the purity or 
condition of samples of oils has long been felt by pharmaceutists. No tests^ or 
system of tests at present used, are free from objection. An infection of the optical 
characters of the oils, whether fixed or volatile, will be sufficient to confirm the 
truth of this observ^ation. 

The polariscope has at best a ver}^ limited scope of application, whilst the deter- 
mination of the refractive or dispersive qualities requires such precise adjustments 
that the suitability either of the one or the other for the piuqioses of a technical 
test may be fairly questioned. The refractive power of the oils, both fixed and 
volatile, has so small a variation, that the difierence produced on the refractive 
power of any oil by the addition of a small quantity of another, would be barely 
perceptible. The objection against the measurement of the dispersive action as a 
means of expressing the value of an oil is, that the determination of the differences 
of indices of refraction for the extreme rays is at once tedious and unreliable j the 
scale of dispersions offers, however, a miicn wider range of difterences. 

It is probable that the comparison of two samples of oil by the irrationalities of 
their dispersion is worthy of some attention. The author is iiot aware of its being 
applied as a test ; but the samples could stand side by side with respect to the 
illuminating source, and their spectra projected side by side could bo easily observed 
and compared. 

Although bromine and iodine exert on some of the essential oils chemically 
characteristic effects, it does not appear certain to what extent the action may be 
modified by the addition of small quantities of other oils ; conseq^uently the che- 
mical phenomena, as well as a knowledge of their specific gravities and boiling- 
points, cannot be considered as offering any assistance to the detection of accidental 
or intentional impurities when existing in small quantities. 

The process which the author submitted is one which has given great satis- 
faction m all the experiments which he has made, and was suggested by a discovery 
due to M. Rousseau^ quoted by De la Rhe, “ that olive-oil, when mixed with 
part its volume of oil of poppies, increased the number of vibiations of a magnetic 
needle in a given time, when the same was included or made to form part of a 
voltaic circuit.” This isolated fact would be of service for the determination of 
the purity of olive-oil, if oil of poppies were the only sophisticating ingredient. 

The adulterants of the volatile oils are principally turpentine and alcohol f. 

Compared with any of the essential oils, turpentine has an immense resistance, 
whilst that of alcohol is enormously lower than any of them, except perhaps that 
of oil of bitter almonds, which is so low that he did not measure it. 

The importance of this general fact is at once apparent, since the addition either 
of alcohol or turpentine in the smallest quantity is readily detected ; and the quan- 
tity denoted by the variation in the deflection, either when compared with a standard 
of liuown purity, or by the resistances themselves. 

The oils of lemon and bergamot, when mixed with a small proportion of tur- 
pentine, do not, however, show such marked differences as the generality of the 
essential oils. 

The addition of turpentine to oil of lavender is more strongly marked by this test 
than in any other case. 

The effects produced by mixing different specimens of the same oil together are 

Published in extenso in the ‘ Chemical News* for Sept. 20, 18C7. 

t The foreign oils are no doubt sometimes entirely substituted for the English oils, or 
largely diluted with them, 
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also perceptible ; thus tbe German oils of peppermint, or foreign samples of lavender- 
oil, produce modifications in the electrolysis. 

The bleached oils have even a lower conducting power than the unbleached oils ; 
and in this respect olive-oil possesses a greater dmerence than almond-oil. It is 
not easy to explain this. 

A singular aifference ex;ists between the Italian and the East Indian castor-oils. 
This ditterence will enable one to detect a very small percentage of the one added 
to the other. 

Cotton-seed-oil and oil of poppy, as well as turpentine, are so rapidly altered in 
their conducting power by electrolysis, that there is not the slightest difficidty in 
recognizing them in samples of oil. 

Olive-oil, when free from cotton-seed-oil or oil of poppy, has its resistance^ in- 
creased by electrification ; but if the smallest quantity of either of them exist in a 
sample of olive-oil, it produces a contrary eflect by a prolonged contact with the 
battery* 

These results of electrolysis are alone important in determining the condition of 
a sample of olive-oil. 

On a New Mmwfacturing Process for the Perpetual Regemraiion of the Oxide 

of Manganese used in the Manufacture of Chlorine, Bg Walter Weldon. 

Every process, previous to that to be described in the present paper, by which 
it has been attempted to regenerate oxide of manganese from the residues of 
the manufacture oi chlorine, lias been performed in the dry way, and has thus 
required considerable time, and has involved not only at least one — more or less 
troublesome and costly — furnace operation, but also several removals of the mate- 
rial from vessel to "v essel and from place to place, e's ery such removal of course 
entailing more or less loss of material. The process, however, which is about 
to be described is performed in the v et w'av, and may be completed, even when 
operating on the largest scale, within as little as one hour. Moreover, all the 
operations of the process are performed in the same vessel as that in which the 
oxide produced by it is afterwards employed to read with hydrochloric acid, and 
from this vessel hr still the manganese is never removed, so that it is entirely 
free from risk of loss by removal ; and as it is not subject to any other cause of loss, 
a charge of manganese, once put into a still, when treated by this process, not only 
never needs to be replaced, but never needs even to be added to, while it will libe- 
rate an equivalent oi clilorine every few hours for literally any length of time. The 
starting-point of any process for the regeneration of the oxide of manganese em- 
ployed in the manufacture of chlorine, must of course be that residue which is 
known as still-liquor ” being that which remains in the stills when oxide of man- 
ganese and hydrochloric acid have been digested together until all the chlorine 
which the oxide is Capable of liberating from the acid has been liberated and given 
oft*. When working with a native oxide of manganese, the still-liquor contains, in 
addition to a quantity of protochloride of manganese equivalent to the quantity of 
oxide of manganese which has been dissolved, a considerable quantity of free acid, 
and more or less chlorides of iron and other bases, due to the native oxide of man- 

f anese being al'ways more or loss associated with other oxides. When working, 
owever, with the artificial oxide of manganese produced as is about to be described, 
the still-liquor contains scarcely anything whatever but protochloride of manga- 
nese ; and the new process consists simply in first adding an equivalent of lime to 
this liquor, without removing the liquor from the still, and then blowing atmo- 
spheric air through the resulting mixture of protoxide of manganese and solution 
OI chloride of calcium. The white protoxide is thereby rapidly converted into a 
very dark-coloured higher oxide \ and when this product has been allowed to sub- 
side from the solution of the chloride of calcium in which it was formed, and the 
greater part of that solution has then been drawn off from it, it is ready to be treated 
with hydrochloric acid, from which it then liberates chlorine, with reproduction of 
exactly as much protochloride of manganese as was commenced with. From this 
point the very simple series of operations described is repeated just as before, and 
fio on, over and over again, for any required number of times. The manganese is 
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thus constantly undergoiug, always in one and the same vessel, a round of regularly 
recurring changes of state of combination, by which it passes, first from the state of 
protochlonde to that of protoxide, next from the state of protoxide to that of a 
higher oxide, capable of liberating chlorine from hydrochloric acid, then bock again 
to the state of protochloride, iknd so on continually. 


aEOLOaY. 

Address hy the President, Abchibald Geikie, F.G,S, ^ 

Among the Lower Silurian, the oldest recognizable volcanic rocks in this country, 
two principal epochs of eruption have been detected by Professor llainsay and his 
colleagues of the Geological Survey. One of these occurred during the deposition 
of the Llandeilo rocks, and is indicated by the igneous rocks of Aran Mowddwy, 
Cader Idris, Arenig, and Moelwyn ; the other is marked by those of the Snowdon 
district, which lie among the Bala beds. These volcanic rocks consist partly of 
massive sheets of felstone, varying in texture and colour, and partly of thick accu- 
mulations of tuff or ash. Tffe former are true lava-llows, the latter point to fre- 
quent showers of volcanic dust, and to the settling of such dust and stones on the 
sea-bottom, where they mingled mth the ordinary sediment, and with shells, cor^s 
and other organisms. Some of these ashy deposits attain a great thickness. Thus, 
at Cader Idris, they are about 2500 feet thick, the accumulated result of many 
eruptions. Northwards this mass thins entirely awa}^, and the ordinary sedimentary 
strata take its place. Equally local are the massive beds of felstone" which repre- 
sent the submarine lava-flows of the time, ^ Sometimes they still preserve the 
slaggy vesicular character which marked their surface when tne melted rock was 
in a state of motion along the sea-bottom — an evidence of the existence and posi- 
tion of true submarine volcanoes during the Lower Silurian period in Wales. In 
the lake district, similar proofs of volcanic action have been found among the lower 
Silurian rocks of that region. In Scotland, no very distinct traces of volcanic acti- 
vity have yet been detected among rocks of the lower Silurian age. In the Lower 
Silurian rocks of the south-west of Ireland, beds of tisli and felstone are interstra- 
tified, resembling in general character and mode of occurrence those of Wales. In 
Wales, volcanic action does not appear to have outlasted the Lower Silurian period ; 
but in Ireland, among the headlands of Kerry, massive sheets of ash aro intercalated 
in grits and slates, which, from their fossils, have been assigned to the age of the 
Wenlock series. 

The Old Hod Sandstone of the southern half of Scotland abounds in igneous 
rocks, from the base of the series to the top. In its lower band lie the chains of 
the Sidlaw and Ochil Hills, and many detached masses scattered over the lowlands 
along the southern fiank of the Grampians. These are composed of different fel- 
stones and porphyrites, with interbedded sheets of tutl) trappean conglomerate, and 
sandstone, stretching in the Ochil and Sidlaw range for sixty or seventy miles, and 
rising here and there to heights of 2000 feet above the level of the sea. This 
group of hills contains some of the thickest masses of trappean rock in the country. 
In what seems to be a middle portion of the formation comes the group of the 
Pentland Hills, consisting of long massive beds of trap, like the different varieties 
in the Ochils, with intercalations of tuff, conglomerate, and sandstone, the whole 
reaching a thickness of fully 5000 feet. In Ireland also the Old Bed Sandstone 
furnishes evidence of active volcanic vents. Nor are traces of volcanic activity 
wanting in England during the same great geological period. In Cornwall and 
South Hevon Sequent proofs have been recognized of contemporaneous igneous 
action among the limestones and slates of the Middle Devonian series, and thence 
through the Upper Devonian into the lower part of the Carboniferous group. These 
consist in frequent bands of trappean ash, and of crystalline amygdaloidal and 
vesicular greenstone or other trap. The ash passes by insensible degrees into the 
1867. 4 
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ordinary sedimentary strata of the series, sometimes containing fossUs, and in certain 
places so interlaced with bands of limestone as to have been quarried for lime. 

^e base of the Carboniferous series in Cornwall and South Devon is marked by 
the occurrence of ash and crystalline amygdaloidal peenstone similar to the igneous 
masses in the p^ighbouring Devonian rocks. In tne centre of England the well- 
known toad-stones of Derbyshire indicate intermittent volcanic activity during the 
formation of the carboniferous limestone. They consist of three principal beds of 
trap, averaging each about 60 or 70 feet in thickness, preserving their course for 
many miles between the strata of limestone, probably, as pointed out ^ Mr. Jukes, 
the result not merely of one eruption, but rather of different flows from distinct 
vents, und uniting into one sheet along a common floor. Passing into Scotland, we 
find the ca^niferous formation of the broad midland valley full of the most stri- 
king evidences of volcanic activity. In the west, great sheets of different porphy- 
rites, with interbedded tufls, sandstones and conglomerates, lie in the lower part 
of the formation, and rising in broad masses bed above bed, form that conspicuous 
chain of terraced heights which stretches from near Stirling through the range of 
the Campsie, Kilpatrick, and Renfrewshire hills, to the banks of the Irvine in 
Ayrshire, and thence westward by the Cumbrae Islands and Bute, to the south of 
Arran, In the eastern districts, instead of such widespread sheets of volcanic rock, 
the Oarhoniferous series includes hundreds of minor patches of tuff, dolerite, basalt, 
and porphyrite. The area of the Lothians and Fife seems to have been dotted over 
with innumerable little volcanic vents, breaking out and then disappearing one 
after another during the lapse of the Carboniferous period up to at least the close 
of the carboniferous limestone. The very limited area occupied by the erupted 
material is often remarkable. A mass of ash 100 feet thick or more may be found 
i ntercalated between certain strata, yet at a distance of a mile or two the same 
strata may show no trace of any volcanic material. Nowhere is this feature more 
wonderfully exhibited than in the coal-field of Dairy in the northern part of Ayr- 
shire. The black-band ironstone of that district appears to have been deposited in 
hollows between mounds and cones of volcanic tuff, sometimes 600 feet high, round 
and over which the later members of the Lower Carboniferous formation were de-f 
posited. Hence the shafts of the pits are sometimes sunk forlOO fathoms through 
the tuffj and at that depth mines are driven horizontally through the volcanic rocks 
to reach the ironstone beyond. The great carboniferous limestone series of Ireland 
contains evidence that here and there, at various intervals during its formation, 
minor volcanic vents were active on different parts of the sea-bottom. 

Among the Permian sandstones of the south-west of Scotland there occur some 
interesting proofs of contemporaneous volcanic action. In Nithsdale, and still more 
conspicuouwy in the centre of the Ayrshire coal-field, these sandstones contain 
towards their base a thick group of dark reddish-brown amygdaloidal porphyrites 
and tuffs. Connected with these rocks are numerous bosses of a coarse volcanic 
agglomerate, which descend vertically through the coal-measures, altering the coal. 
They are the necks or orifices from which was ejected the volcanic material 
which now forms a conspicuous range of rising grounds overlying the heart of the 
coal-hasin of Ayrshire. 

The New Red Sandstone series of Devonshire, in the neighbourhood of Exeter, 
furnishes clear proofs of volcanic activity. Sheets of a dark reddish-brown fel- 
spathic rock, sometimes compact or porphjritic, hut usually of scoriaceous character, 
are intercalated among the lower parts of the Red Sandstone series of that neigh- 
bourhood. Sir Henry De la Beche, who described these igneous rocks many years 
ago, noticed that the more compact portions, instead of extending horizontally as 
beds among the sedimentary strata, descend vertically through them, as if these 
detached parts marked the site of some of the orifices whence the melted lava was 
r^ted. 

The series of successive volcanic phenomena, which may thus be traced through 
the palaeozoic rocks of the British Islands up to the New Red Sandstone, is now 
abruptly broken. I am not aware of any satisfactory proofs of contemporaneous 
volcanic rocks among the secondary rocks of Britain, save in the Red Sandstone of 
Devonshire just referred to. Following a suggestion of Prof. Edward Forbes, I 
f<»?tol©riy regarded the great trappean masses of Skye and the other western islan48 
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as probably of Oolitic age. But more recent investigations in Antl^nii Mnl), imd 
Eigg, have convinced me that in these dis'^cts, and probably also in Sky^ the 
great basaltic plateaux which form so conspicuous a feature in the scenery of our 
north-western sea-hoard, date from tertiary times. From Antrim northward# 
through the inner Hebrides and the Faroe Islands to Iceland there is a broken 
chain of volcanic masses, part, and not improbably the whole, of which am of 
Miocene age. In Ireland sheets of dolerite and basalt, in all 500 or 600 feet 
thick and some 1200 square miles in extent, repose directly upon an eroded sur- 
face of chalk. In Mull, similar plateaux, overlaid with masses of porphyrite and 
trachyte-like rocks, attain a united thickness of more than 8000 feet, yet at their 
base they contain recognizable plants of Miocene species. This vast <mptk of old 
lavas and tufts points to a lengthened continuance of volcanic activity id&lg the 
north-western margin of our country — an activity, however, marked oy 
periods of repose, as the Scuir of Eigg and the coal and shales of Mull sumoiently 
prove. These masses, vast though they bo, are by no means the only, if they are 
indeed the chief, relics of Tertiary volcanic action in Britain. If, starting ft^om the 
basaltic plateaux of the north of Ireland or of the inner Hebrides, we advance to-^ 
wards the south-east, we soon observe that an endless number of trap-dyke8„ 
striking from these plateaux, extends in a south-easterly direction athwart aur 
island. The south-western half of Scotland and the northern parts of England are^ 
so to speak, ribbed across with thousands of dykes. These are most numerouB 
neai- the main mass of igneous rock, whence they become fewer as they recede 
towards the North Sea. Usually a dyke cannot be traced far. In Berwickshire 
and the Lothians, these E. and W. or N.W. and S.E. dykes, often less than half a 
mile long, are well shown ; in Ayrshire they become still more numerous, tra- 
versing the coal-field and altering the cool-seonis ; in Arran and Cantyi’O their 
number still increases, until, after a wonderful profusion of them in Islay and Jiura, 
they reach the great \olcanic chain of the inner Hebrides. From their manifest 
intimate connc'xion with tliat chain, from the fact that they cut through all the 
formations they encounter up to and including the chalk, and that they cross faults 
of every size that may lie in their way, I regard these dykes as of tertiary age. If 
this inference is sustained, as I have little doubt it will be, by a more detailed 
investigation of the north-western districts, it presents us with striking evidence 
of the powerful activity and wide range of the volcanic forces in our country 
during the Miocene period. With these djkes, and the Tertiary igneous masses 
from which they proceed, the record of volcanic action in Britain appears to 
close. 

Let me now allude to one or two portions of this broad subject which seem to 
me worthy of special notice. One of the first features to arrest attention is th© 
singular persistence of volcanic phenomena in a limited area. Take, as an illustra- 
tion, the neighbourhood of Edinburgh within a radius of ten miles from the town* 
First and oldest eomes the long range of the Pentland and Braid hills, consisting 
of a mass of bedded igneous rocks in a middle series of the Old Red Sandstone. 
These old lavas reach a thickness of 4000 or 6000 feet. Next in chronological 
order are the Gallon Hill and lower portion of Arthur’s Seat, which mark the eon- 
iinuanco of volcanic action into the Lower Carboniferous period. The carboniferous 
rocks for miles around these hills are full of the traces of contemporaneous volca- 
noes, sometimes in the form of sheets of tuft marking the occurrence of little 
detached tuft-cones, sometimes in wider areas of tuft*, basalt, and dolerite, where a 
group of minor volcanic vents threw out showers of ash and streams of lava. To 
the east rise the isolated Garlton Hills, which date from before the carboniferous 
limestone ; westwards, scores of little basaltic crags and rounded tuff-hills mark 
out the lower carboniferous volcanoes of Linlithgowshire. To the north, the and» 
less crags, hills and hillocks of the Fife coast contain the record of m^y erupM<ms 
from the middle of the ealciferous sandstones high up into the carboniferous Iimo» 
stone group. Even the coal-measures of that county are pierced wth intnisiv# 
bosses of trappean agglomerate, which indicate the position of volcanio vents, pos- 
sibly of Permian ago. The same or a more recent date must be assigned ^ the 
later unconformable agglomerate and basalt of Arthur’s Seat. Nor is this the 
whole. Latest of all come innumerable trap-dykes, running with a preyeleni east 
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and west trend, and cutting through nil the other rocks. Here, then, in this little 
tract, about the size of a small English county, there are the chronicles of a long 
series of Tolcanic eruptions, beginning in the middle of the Old Bed San(fetone, 
and coming down to a time relatively so near our own as that of the Miocene 
rocks. Nor is this by any means an exceptional district. Illustrations of a similar 
perastenoe of volcanic action may be gathered in many other tracts of equally 
limited extent. 

Another fact which a general survey of the character of our volcanic rocks 
soon brings before us, is that, as a whole, those of earlier date differ distinctively 
in composition from those of more recent origin. From the first traces of volcanic 
activity in this country up to about the close of the Old Bed Sandstone or begin- 
ning of the Carboniferous series, the interbedded (^. e. contemporaneous) igneous 
rocks consist for the most part of highly felspathic masses, to which the names 
of clinkstone, claystone, compact felspar, porphyiy, hornstone, fclstone, &c. have 
been given. On the other hand, from the upper part of the Old Bed Sandstone, 
or the lower members of the Carboniferous series, up to the end of the long 
history, the erupted masses are chiefly augitic, as basalts and dolerites (or green- 
stones, as the latter lia\e been usually termed in Scotland). Were these rocks 
subjected to further and more detailed chemical examination, additional know- 
ledge might possibly be acquired respecting the history of the changes which have 
taked place within the crust of the eartli. As geologists, it is important to note 
that, though two classes of ^ olcanic rocks can thus be determined by analysis of 
their composition, no broad essential distinctions appear to be traceable in their 
mode of occurrence. Certain minor differences are, indeed, readily observable, 
such as the greater thickness of the beds among the older rocks, and the more 
frequent occurrence of columnar structure among the newer. Perhaps these and 
other distinctions may eventually give us a general type for each class. Never- 
theless, in its broader features there would seem to have been a striking unifor- 
mity in volcanic action from the earliest times down to our own day. 

This leads me to remark that a study of the igneous rocks of Britain furnishes 
no proofs that volcanic action lias been slowly diminishing in intensity during past 
geological time. The amount of volcanic material preserved in our Old Bed Sand- 
stone group probably exceeds that of our Silurian system, oven after all due allow- 
ance for the greater denudation of the older series. The number of distinct 
volcanic centres traceable among the Carboniferous rocks in like manner surpasses 
that of the earlier formations. But by much the most extensive mass of volcanic 
material in these islands belongs to the latest epoch of eruption — that of the 
Miocene period. In one mountain alone, Ben More, in Mull, these youngest lavas 
rise over each other, tier above tier, to a height of more than 3000 feet; yet their 
base is concealed under the sea, and their top has been removed by denudation. 
We have here, therefore, no proof of a slow diminution of volcanic activity. The 
period separating the Miocene basalts from the Now Bed Sandstone trap-rocks, 
which seem to como next to them in point of recentness, was immensely vaster 
than that which has elapsed between the Miocene basalts and the present time. 
There is thus no improbability in the eventual outbreak once more of the subter- 
ranean forces. Nay, further, were a renewed series of volcanic eruptions to take 
place now, they might in the far distant future bo thrown together with those of 
Miocene date, as proofs of one long period of interrupted volcanic activity, just as 
we now group the igneous rocks of the Lower Silurian, or of any other geolomcal 
formation : so near to us, in a geological sense, are those latest and grandest of our 
volcanic phenomena. 

Among the different forms assumed by our igneous rocks, one of the most in- 
teresting, and, at the same time, most full of difficulty, is that of the trap-dykes. 
To my own mind there are few parts of the geolo^ of the country so hard to 
understand as the extravasation of the thousands of dykes by which the north- 
western portion of this island is so completely traversed. For the reasons already 
assigned, I would refer the leading system of these dykes to the same geological 
age as the Tertiary volcanic rocks of the north-west. Yet we find them rising to 
the surface, and extending for leagues, to a distance of fully 200 miles from the 
nearest point of the basaltic plateaux. Did they reach the surface originally P If 
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SO, were they connected with outflows of dolerite, now wholly removed hy denu^- 
dation P I confess that this supposition has often presented itself to me as carrying 
with it much probability. It seems to me unlikely that so many thousand of 
dykes should have risen so high as the present surface, retaining there (as shown 
by deep mines) much the same proportions as they show many fathoms down, 
and yet that none of them should have reached the surface which existed at the 
time of eruption. I regard it as much more probable that some of them, at least, 
rose to daylight, and flowed out as cotdeesy even over parts of the south of Scot- 
land and north of England, where all trace of such surface-masses has long been 
removed. Some of the surface-masses of dolerite in these districts may indeed be 
of Tertiary age ; yet the proofs which the great Miocene basaltic plateaux present 
of enoimous denudation are so striking as to make the total disappearance of even 
wide and deep lava-currents quite conceivable. But a much more serious difficulty 
remains. These dykes, as a rule, do not come up along lines of fault, yet they 
preserve wonderfully straight courses, even across fractured and irregular strata. 
Each dyke retains, as a rule, a tolerably uniform breadth, and its sides are sharply 
defined, as if a clean, straight fissure had been widened and filled up with solid 
rock. In the coal-mines ol Ayrshire, for instance, the miners have driven through 
the dyke and found the coal, altered indeed, but at the same level, at the other 
side. More than this, the dykes are found cutting across large faults without any 
defiection or alteration. In short, no kind of geological structure, no change in 
the nature of the rocks traversed, seems to make any diflerence in the dykes. 
These run on in their straight and approximately parallel courses over hill and 
valley for miles. The larger faults ol this country tend to take a north-easterly 
trend, and correspond in a general w^ay with the strike of the formations. At right 
angles, or more or less obliquely to these, are numerous faults of lesser magnitude, 
which follow roughly the dip of the rocks. But though those diflerent systems of 
fissures already existed, and, as we might suppose, would have served as natural 
pathways for the escape of the subterranean melted rock towards the surface, the 
latter rose through a new aeries of fractures, often running side by side with those 
of older date. How were these new fractures produced ? and how is it that they 
should run through all formations, up to and including the older parts of the 
Miocene basalts, not as faults, with a throw on one side, but as clean, straight 
fissures, with the strata at the same level on each side ? I do not pretend to 
answer these questions. Let me only remark that, had the trap-rock been itself 
the disrupting agent, it would have risen through the older fractures which already 
existed as the planes of least resistance. The new fissures must be assigned to 
some far more general force, of the action of which the trap itself furnishes per- 
haps additional evidence. 

Another feature of our igneous rocks deserving more special consideration is the 
occurrence among them of true vents, or the sites of volcanic orifices. A very 
considerable number of these vents is filled up with a coarse agglomerate, consist- 
ing of fragments of diflerent trap-rocks, with pieces of the suiTounding sedimentaiy 
strata. Such vents are sometimes not larger than a dining-table. In many cases, 
■where the material filling them is fine in texture, it is well stratified ; but its beds 
are on end, or thrown into diflerent inclined positions. The strata around them 
are much indurated, and frequently, perhaps usually, are bent sharply down round 
the margin of the vent, as if the ash or ag^omerate, from contraction or otherwise, 
had sunk and pulled the adhering strata down wdth it. Instructive sections of 
these rocks abound along the coast line of Fife and East Lothian, and they occur 
likewise in iWrshire. One other part of the subject may be alluded to as deserving 
of inquiry. There seem to he indications that local but well-marked mevamor- 
phism and the extravasation of syenitic and granitic rocks have taken place in 
connexion with some of our most recent volcanic phenomena. In Skye, Mull, and 
Arran the association of such crystalline rocks witn sheets or dykes of dolerite and 
basalt should be worked out carefully. The volcanic rocks of Britain are now 
brought under the notice of the Section with the view of indicating a field of 
research where much remains to be discovered, and » where the labour^sore hut 
few. As a result of the neglect into which it has fallen, the nomenclature of this 
portion of British geology has been virtually at a stand for about half a centurj^ 
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While BQ inuch has been done in this i'eSpect by chemists and ^ologists abroad, 
we are but little further forward than when the great outlines or the subject Were 
sketched long ago by the early leaders in the science. The same vague names, the 
same confused and defective arrangement, the seme absence of careful chemical 
and mineraiogical analysis, so excusable in the infancy of the science, still disfigure 
our geologiom writings and even the best of our geological collections. Field- 
geologists must be content to bear their share of the blame yet it is not fern 
their hands that the needed reform is mainly to be looked for. They can do but 
little till chemistry comes to their aid with information regarding the composition 
of the rocks which they investigate, and the extent to which the nomenclature 
adopted in other countries can he applied in their own. Surely the time must 
come ere long when it will be deemed a task worthy of years of long and patient 
reseamh to work out the nature and history of the volcanic rocks of this country. 
Such a task will not be the work of a single observer. It will require the labour 
of the geologist, skilled to glean the data that can only be gathered in the field, 
and of the chemist who, aided and guided by these observations, shall seek to 
determine the composition of the difterent igneous rocks, and the relation which, 
in this respect, they hear to the rocks of other regions, and to the products of 
modern volcanoes. But whether distant or near, the day will doubtless arri\ e 
when we shall be able to connect into one story, as far at least as our fragmentary 
records iwill permit, the narrative of the varied volcanic eruptions which from 
early geological times have taken place in the British Islands, and to link that 
chronicle with the long history of volcanic action over the globe. 


The passage of Schists into Granite in the Island of Corsica, 

By D. T. Ai^steb, M.A,, KR,S, 

The object of this communication was to advocate the view that granite is a 
metamor]^ic rock, and not in any sense primitive or the nucleus of the earth. A 
section was described, the result of observations recently made, taken on the side 
of a road recentlv made between He Koiisse and S. Florcnt, on the north-western 
side of the island. The section presented unmistakeable and numerous alterna- 
tions of compact, well-crystallized, whitish-grey granite, with argillaceous rock, 
schists, grits, and rotten granite. The dip of the vaiioiis beds varies from 30° to 
10®, diminishing towards the north ; the thickness of the bods is often several yards, 
but not very great. There is much granite near, towards the interior of the coun- 
try, and stratified rocks near the coast. The general inference of the author from 
this section was, that granites are not erupted but metamorphic rocks. 


On the Lagoons of Corsica, By D. T. Ansied, M,A,, F,R,S, 

The eastern coast of Corsica, though now the most malarious district in the 
Mediterranean, was inhabited and healthy 2000 years ago ; and there is good his- 
torical evidence that it continued healthy till the end of the fifteenth century. 
Remains of two cities are still to be traced on these plains, which are now abso- 
lutely deserted. Each town was situated at the southern extremity of a large 
existing lagoon, near a principal river, provided in each case with a delta. Beyond 
each nver, to the north, are numerous small torrents, originally entering the sea, 
but now feeding the lagoons, which have been formed by the sands of the delta 
drifted northwards from one river delta to the next beyond, owing to the prevalent 
winds. The drainage of the torrents is received into and supplies the lagoons. 
l>urin^ summer there is no water brought down, and a sand-bar has accumulated 
until It has become a bank. In winter, the waters brought down are driven 
towards the northern and open end to escape, but they leave behind a large quan- 
tity of organic matter which during tlie subsequent heats of summer rots, and 
becomes converted into miasma. So long as ine communication was open fix)m 
the torrents to the sea the coast was healthy, but so soon as the lagoon was 
formed the malaria set in. 

The largest of the lagoons is that of Biguglia, extending from the delta of the 
Golo nearly eight miles towards the north. Its greatest width is 3000 yards, 
dinuniehing first to 2000 for a long distance, apd then to lOOK), About a mile 
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from tlie norihem ex'fremitj it becomes a mere passa^ for the surplus wa>ter> 
about eighty yards wide, terminating in a narrow opening to the sea, liable to be 
choked up. It is separated from the sea bv a sandAiank, at first 000 yards wide, 
diminishing to 300 yards. This is generally high enough to keep out the highest 
storm- waters j but there are remains of two old cuts through whwh the sea enters 
occasionally. The area of the lagoon is 4800 acres ; the depth averages five or six 
feet below the mean level of the Mediterranean. Besides a large nunmer of winter 
torrents, there is one river emptying into the lagoon. The area supplying the tor- 
rents is about 20,000 acres, and that feeding the river and torrents to the north of 
it, about 26,000 acres. The mean annum rainfall of the district is estimated 
^rom three years’ observations) at twenty-four inches, of which ten inches fall in 
October and November, which is the rainy season. * 

The history of the formation of the lagoon is very clear. About 2000 years ago 
the bank of sand now nearly closing it did not exist. The bank must have com- 
menced and increased gradually till about 800 years ago, when it was completed. 
The gradual depopulation continued for about two centuries. The bank is about 
seven miles long, a quarter of a mile wide, and fifteen feet high above the shallow 
sea-bottom outside. 

There is proof of the recent closing up of the lagoon in old walls and fragments 
of buildings near the northern end. There is no doubt of the comparatively 
modern elevation of all Corsica, but this will not account for the lagoons. These 
are due to the drifting of the sands, as explained ; and as the unhealthiness of the 
island (which is extreme) is due to the lagoons, it would be diminished if thej'' 
were greatly reduced. The author believes that by separating the drainage areas 
of the lake into two parts, and removing, by pumping, the whole southern part, 
which is perfectly practicable, at least 4000 acres or rich land would bo recovered, 
and the rest of the land rendered cultivable. The operation could be adopted 
with great facility and at small expense, and could not fail to exercise an impor- 
tant influence on the material prosperity of Corsica. 


On the Granites and other Rochs of Ben More, from a Letter addressed to Pro- 
fessor Phillips. Bij His Geacl the Duke of Aeoyll, LL,D,, F,R,S, 

When I was in the island of Mull the other dav, I obseiwed a fact which may 
perhaps be of some interest, which is, that Ben Craig, one of the lower shoulders of 
Ben More, exhibits very clearly the passage of a rock which looks like pure trap 
into regular granite. At the base of the shoulder mountain, which may be about 
2000 feet high, it is a mass of a fine-grained compact granite. At the top it is a 
mass of stuff which weathers white, and has a fracture like some kinds of trap. At 
an intermediate ele'v ation the trap-like stulf contains many crystals of felspar very 
distinctly separated. A little lower down these crystals become more frequent, and 
a granitiform rock appears ; and very little lower the regular granite subtervmes, 
I could detect no separation. The top of tlie mountain is very white, the rock 
very shattered, some of it very light, with one or two dt/Jees passing through this 
trap-like mass. The dykes are of a closer texture, with white cr^^stals, wholly 
unlike the surrounding mass. I must add that^, though this stiift breaks like a 
kind of trap, it is wholly unlike trap in other respects. It is perfectly amorphous, 
both in structure and in the niodo in which it occurs. It is not laid hi sheets and 
terraces like the traps of the same island elsewhere. In short it is not trap at all, 
but the matter out of which granite seems to have been made by pressure, and 
crystfdlization under pressm’e. 

I send in a separate cover—l. The granite as it appears at the base of the hill, 
or two-thirds of the way up ; 2, a bit showing the appearance of the felspar crys- 
tals where they appear ; and 3, the rock at the top, of which a v^t mass of the 
mountain is composed. The whole structure of Ben More in Mull is full of inter- 
est, The summit peak is of stratified rock, mica-slate ; and all the lower shouldeta 
are granite or igneous rock heconvrg granite. 
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Report on r&eent Eaplorations in the Gibraltar Caves, 

By Capt. Peed. Bbome. 

Tlie explorations recorded in this communication were conducted principally in 
Martinis ” and St, Michael’s Caverns. 

Martin’s Cave opens on the eastern face of the rock, below O’Hara’s Tower. It is 
an ancient sea-cave, thoi^h now upwards of 700 feet above the level of the Medi- 
terranean. The excavations in this cavern were commenced on the 23rd of June, 
and continued till the 22nd of July. There were no traces whatever of any previous 
attempts at exploration. The first operation was to excavate the dark earth all 
alonff, close to the south side, which is from six to three feet in depth. At this 
doptn the diggers came upon a stala^iile floor of varying thickness. Here, after 
a few hours’ work, were found deposited two portions of a lower iaw, supposed to 
be human ; about two bushels of bones of ox, goat, sheep, rabbit, &c. ; several 
bones of birds and fish ; two bushels of broken potteiy of the rudest or unmarked 
kind, 57 pieces ornamented; 61 handles and pots; 6 stone axes and 70 flint 
knives ; 1 excellent flint core ; 20 lbs. of flint chips ; 12 pieces of worked bone ; a 
portion of an armlet and anklet ; 10 lbs of sea shells, and a few land shells, 
together with three rounded pebbles. On the north side the same cla«s of objects 
were met with, and in a small chamber on this side, under five or six feet of earth. 
Captain Bromc’s son came upon a small chamber containing two ancient swords, 
one partly imbedded in stalagmite, and both much injured ; and on a subsequent 
occasion, a small enamelled copper plate was found, which appears to have had a 
design upon it of a bird with its bill open, in the coils of a serpent. The colours 
are bright, and the object is beautifully made. These interesting relics have been 
referred by Mr. Frants to the eleventh or twelfth centuries. Excavations were 
then made in a cavern, situated on the same face of the rock, but a little to the 
south, and at a higher level than Martin’s” Ca\e, and named by Captain Brome 
the Fig-Tree Cave,” in which similar rude works of art, consisting of fragments 
of potteij, flint and stone implements, &c. were found. 

Captain Brome’s greatest interest, however, was centred in ^^St. Michael’s 
Cave,” in which, day after day, numerous human remains were found, some im- 
bedded in the stalaginite» others loose, associated with stone axes, flint chips, and 
flint knives of the smallest size hitherto met with in the Gibraltar caverns. 

On the north side of the upper chamber in St. Michael’s Oa\ ern, on breaking up 
a thick stalagmite floor, a small aperture was disco\ ered. When this had been 
enlarged sufficiently to admit of Captain Brome’s entrance, he found a series of 
passages and caverns, the extreme ti’avelling distance of which from the entrance 
was exactly 200 feet. There were no means of access to it, excepting by the 
aperture by which Captain Brome entered. The Avails were snow-wnite, and the 
pillars and stalactites of the most variable and fantastic fonns. Some of the latter, 
Avith the thickness only of a goose quill, were five feet long ! The hearings of the 
cavern generally run W. At the south end of this cavern a perpendicular fissure 
was discovered, through which came a strong wind. The fissure was about nine 
inches wide, but one of the men (military prisoners) employed was found small 
enough to creep through it. He returned with a wonderful story of what he had 
seen. On the next day, accordingly. Captain Brome sent in one of his own. sons, 
about tAve^ve years old, who entirely corroborated the statements previously given, 
viz. that there Avere three caves, the first very small, and about twelve feet from 
the narrow entrance. At some distance further there was another, about twenty 
feet square, and still fiirther, a cave as large as the upper St. Michael’s first 
chamber. The distance travelled is 250 feet from the entrance, which, added to 
the distance (200 feet) travelled in the first discovered cav ern, make a total of 
450 feet of hitherto wholly unknown caverns in so familiar a loc^ity as the often- 
visited cave of San Migael. 

At the date of his last advices, Captain Brome was continuing the exploration 
of St. Michael’s Cavern, with eveiy prospect of further interesting discoveries. 
But, as he surmises, that tne unexplored caves would yield the same 

relicsvjs the Genista Cavern, have been verified, and the fact is nearly, if not quite 
esti^shed, that at a former period all the Gibraltar caverns were tenanted by a 
race having uniform habits of living.” 
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On the Lower LiaSy and troMS o f an ancient Rhoetie Shore in LincoInsMre, 
By F. M. Bubton, 


Enumeration of British Oraptolites, By William Caeexttheks, F,L.S, 
Tlie genus was established by Linnaeus, in the first edition of his ‘ Systema 
Naturae,* for a series of natural productions which had previously been considered 
to be true fossils. In the genus, as it appeared in the early editions, not a single 
species of the fossils to which the name is now confined was included. No alte- 
ration was introduced into the genus until the twelfth edition, when G. scalaria 
appears, which had already been figured by Linnaeus in his Scanian travels. This 
is the true type of the family, and the onljf species with which Linnaeus was 
acquainted. The single-celled graptolite, which has by eveir one been referred to 
Linnaeus’s G. Sagittarius^ has nothing whatever to do with the organism to which 
he gave this name. His species is founded on a fragment of Lepidodendrm figured 
by Vollnnann. To correct this error, and to make the extent of the acquaintance 
which Linnaeus had with these fossils moro obvious, it was proposed to substitute 
the name G, Hisingeri for the species, after the distinguished palaeontologist who 
first described the species, but erroneously gave it the Linnean name. The whole 
of the species were included by Murchison, Portlock, and others in the original 
Linnean genus. New genera were introduced by Barrande, M^Coy, Hall, Salter, 
and the author. The various g(‘nera were then aescribed, their different charac- 
teristics noticed, and the number of species given. A new genus, Cgrtograpsusy 
was proposed for a singular form from the Wenlock of England, of which a single 
species only has been observed occurring both in England and Bohemia, and 
which the author dedicated to tho distinguished author of ^ Siluria.’ The netted 
forms which had been referred to this family had been carefully examined by the 
author, but he could not satisfy himself as to their affinities, and for the present 
must exclude them. 


The author enumerated the following fifty-two species, excluding synonyms :• 


Bastrites poregrinus, Barr.^ Llandeilo. 

B. Linnoei, Barr., Llandeilo. 

B. inaximus, sp. nov., Llandeilo. 

B. capillaris, sp. nov., Llandeilo. 
Graptolithus Becki, Barr., Llandeilo. 

G. convolutns, HU., Llandeilo. 

G. Halli, Barr., Llandeilo. 

G. Hisingeri, Car., Llandeilo. 

G. Nilssoni, Barr., Llandeilo. 

G. tenuis, Bortl., Llandeilo. 

G. intermedium, sp. nov., Llandeilo. 

G. Clingani, sp. nov., Llandeilo, 

G. Griestonensis, Hic., Caradoc. 

G. Salteri, Gein., Caradoc. 

G. Sedgwickii, Bortl., Llandeilo and Ca- 
radoc. 

G. priodon, Broun, Llandeilo to Ludlow. 
G. Flemingii, Balt., Wenlock.? 
Cyrtograpsus Murchisonii, sp. wo v., Wen- 
lock. 

C. ? hamatus {Bail.), Caradoc. 
Hidymograpsus bryonoides, Hall, Llan- 
deilo, 

B. Forchhammeri, Gein., Llandeilo. 

B. elegans, sp. nov., Llandeilo, 

B. geminus. His., llandeilo. 

B. hirundo, ^It., Llandeilo. 

B. Moffatensi^ Car., Llandeilo. 

B. Murchisonii, BecJCf Llandeilo. 


B. septans, Hall, Llandeilo. 

B. caduceus, Salt., Caradoc. 
Bichograpsus aranea, Salt., Llandeilo. 

B. Sed^ickii, Salt., Llandeilo. 

B. crucialis. Salt., Llandeilo. 
CladograpsuB linearis, Car,, Llandeilo. 

C. gracilis {Hall), Llandeilo. 
Bendrograptus furcatula, Salt., Llandeilo. 
B. lentus, sp. nov., Caradoc. 
Bii^lograpsus acuminatus, Nick, Llan- 
deilo. 

B. barbatulus. Salt., Llandeilo. 

B. cometa, Gein., Llandeilo. 

B. folium. His., Llandeilo. 

B. mucronatuB, Hall, Llandeilo. 

B. pennatus, Harkn., Llandeilo. 

B. pristis, Ilis., Llandeilo. 

B. tricornis, Car., Llandeilo. 

B. Whitfieldi, Hall, Llandeilo. 
Climacograptus bicomis, Hall, Llandeilo* 

C. bullatus, {Salt.), Caradoc. 

C. scalaris {Linn.}, Hall, llandeilo and 
Caradoc. 

Betiohtes Geinitzianus, Barr., Wenlock. 
B. venoBus, Hall, Wenlock. 
Bicranograptus ramosus, Hall, Llandeilo. 
B. Clingani, sp. nov., Llandeilo. 
Phyllograptus angustifolius, MaU, Llan- 
deilo. 
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On OaMmitecB and Fosdl Equisetaceas^ 

By William Carbuthebs, FX.S,, F,G,S, 

After describing the structure of tbe recent FgutsetacecB, the author gave an 
account of the internal structure of the various fossu stems which had been referred 
to this family. ' True Mquis^acecB were rare as fossils, and the stems of Catamites 
were very unlike anything known among Ihing acotyledonous plants. The most 
important characters were obtained by botanists from the fructification. The 
author had obtained, through the kindness of Dr. Hooker, sections of vegetable 
structures prepared by Mr. Binney, whose extensive acquaintance with coal-plants 
was well known. In some of these he had discovered fruits which belonged to 
so beautifully preserved that the most minute details could be deter- 
mined, and with the help of his diagrams he described their structure, and illus- 
trated the various points in which they agreed with, and diftered from, the fruits 
of Eqtmetamse, He then described the foliage which had been found connected 
wiBi and which had been named AsterophyUites ; and he showed that 

m similar fruits had been found associated with Annularia and SpItenophyUtintj 
which differed from AsterophyUites only in the amount of cellular tissue spread out 
on the veins, there could be no doubt that these also were the foliage of members 
of this large genus or tribe of plants. 


Notice of an Esker^^ at Fort, By Robert Chambers, LL.D.y F.R.S,E, 


On the Geology of North Formosa. By Dr. Collingwoob, M,A,, F.L.8. 

The author presented a geological section, made by himself, across the north 
part of the island of Formosa, from Tam-sug in the west, to Pe-ton Point in the 
east. The neighbourhood of Tam-sug was remarkable for an abundant collection 
of angular and rounded boulders, imbedded in a thick deposit of alluvium. 
Further west calcareous grit prevailed, rising into hills, where the strata cropped 
out at an angle of 15° to tho north-east. Among these hills sulphur springs were 
found, in which the sulphur issued in a sublimed state with jets of steam from 
crevices in the rocks. On the north-eastern side of the island lied Sandstone 
rocks prevailed, having the same inclination, and among them were situated the 
coal deposits, which rendered Kelung an important harbour. 


On the Geology of the Islands round the North of Formosa. 

By Dr, Colling wood, M.A., F.L.S. 

The author described the geological structure of several small islands which ho 
had visited, including the Pescadores (or Ponghou archipelago), which presented 
some remarkable basaltic formations, resembling in character the Antnm coast. 
Haitan islands, on the Chinese coast, composed of whinstone trap, granite, and 
other volcanic rocks ; also two small groups of islands north-east of Formosa, seldom 
visited, consisting of Craig, Pinnach, and Agincourt islands, and Hoa-pin-su, 
Tia-usu, Pinnacle Rock, and Raleigh Rock, respectively. The complicated struc- 
ture of some of these islands was described by the aid of diagrams. 


Notes on the telamon of the Glacial Shell Beds of the Oarse of Goivrie to those 
of the West of Scotland. By the Rev. W. H. Crosskey. 


On the Calamine Deposits of Sardinia. 

By F. OoRDON Davis, Mining Engineer. 

The deposits of oalamine are invariably situated in Silurian limestone, on or 
near the summit of a mountain, and often forming the saddle between two high 
pealts. The direction they take (with only two exceptions) is north and south, 
parallel to the etirto of the limestone, and connected with north and south lead 
lodes, though not often actually in their run. The deposits vary from five to 
twenty-five fathoms in width, and fifty to eighty fathoms in length ; sometimes 
seTeral deposits are situated in a line, and thus fprm runs of ore ground 250 to 300 
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fathoms in length* The depth to which these debits extend has not yet been 
ascertained. At Monte Poni mine calamine forms the cap of the rich lead deposit 

The ore is a mixture of the silicate and carbonate of zinc. 

The author considers that the deposits are being worked in too reckless a 
manner. 

On somt Mammalian Remains from the submerged Forest in Rarnstaph Bag, 
Devonshire. By Henky S. Ellis, F.R.A.8. 

The author exhibited a collection of bones, teeth, charcoal, masses of oyster and 
cockle shells, flint flakes and cores, unbroken flints, masses of peat and clay, broken 
pebbles, and specimens of bog-oak and other trees, found by nim in a certain part 
of the submerged forest in Barnstaple Bay ; also a part of a stalse of the row ref^d 
to in the paper. The paper was illustrated by a map and sections. 

The submerged forest is situated outside the Northam Pebble Ridge, and is of 
considerable extent j but the bones, flint flakes, charcoal, and shells have as yet 
been found in a spot (only a few yards square) at the northern end of it, at a dis- 
tance of about 200 yards from the Pebble Ridge, and about 300 yards from the 
newly-erected baths. 

The author states that during the last few years patches of clay and peat have 
become exposed on the surface of the previously smooth sandy beach of Northam 
—that whilst on a visit to the adjacent newly-built watering place, Westward IIo, 
in the summer of 1866, he discovered large quantities of flint flakes underneath 
some of the patches referred to — that in the summer of this year (1867) he found, 
near the same spot, the bones, teeth, charcoal, &c. exhibited to the Section. 

The author’s diagram showed that the patches of clay and peat were laid bare, 
and stood eight or nine inches above the level of the sand, and at about that depth 
the flint flakes are found imbedded in the clay ; that the bones, teeth, and charcoal 
are in some places mixed with them, but generally underlie them, and that the 
large masses of cockle-shells and comminuted oyster-shells lie underneath the 
whole. 

Some oT the bones and teeth have been examined by an eminent comparative 
anatomist, who pronounces most of them to be those of Cervm elaphusy and sug* 
gegts that a fragment of one of them belonged to some bird. The bones are, ibr 
the most part, in good condition, having sharp fractures, and some of them appear 
not to have lost their animal matter. The flint flakes and cores are generally 
admitted to be remarkably good specimens of the well-known type described by 
Sir John Lubbock, as those of the first stone period. The flakes vary in length 
from half an inch to two inches (those found in the peaty clay are purple, but those 
frc^ni near the masses of cockle- and oyster-shells are opaque-white). All have 
very keen edges, and are not serrated, a fact which doubtless arises from each 
flake being separately imbedded in clay. Some of the patches of peaty clay con- 
Udn roots and prostrate branches of trees, and others leaves of a large Xm, in 
perfect condition, only faded in colour. The common yellow Iris, or flag (Jm 
p^ioudo^acorits) grows luxuriantly in the immediate neighbourhood. 

The author mentions that deers’ antlers have been occasionally dredged up In 
the bay, and quotes a local tradition that the oak-trees used for the roof and seats 
of the church of Braunton (which is situated on the northern edge of the delta of 
Die Taw) grew in a forest which formerly occupied the site of the Northam 
Burrows, and that the trees, when felled, were drawn to the church by reindeer. 
A species of red deer still exists in its wild slate on Exmoor. 

Tne author submits that the collection is of interest on account of the various 
objects, in such a good state of preservation, having been found associated together 
ill a locality which is covered by the see at every ttde to a depth of at least twelve 
feet, and at so great a distance from the present boundary of arv land. He admits 
that the burial of the bones in peaty clay underneath sand would naturally tend to 
their long preservation and protection ; but he thinks the general bdi^ of tli!| 
parishioners of Northam, that the sea is constantly and rapidly encroaching on ^0 
land, is worthy of much consideration in forming an estimate of the remot^eis of 
the period when man left those interesting indications of his existence. 
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Notes on the Perseherg Iron Mines, Sweden, 

By C. !Lb jN'evb Fostee, B.A., D,Sc,, F,G,S, 

'rhese mines are situated near the town of Philipstad. The ore, which is mag- 
netite, occui's in the form of more or less thick deposits, parallel to the bedding of 
the surrounding rock. The rock, or ‘‘ country/] is liaHejflirda^ which is regpded by 
Swedish geologists as a veiy fine-grained gneiss. In the immediate neighbour- 
hood of the ore, however, the country ” consists of a rock made up of garnet, 
hornblende, epidote, and varieties of augite : limestone is sometimes present. The 
author then compared these Swedish deposits with some very small beds of mag- 
netic iron ore found in the Crown’s Rock, Botallack Mine, St. Just, Cornwall. 
The magnetite occurs here under very similar conditions. Both deposits were 
considered to have existed originally in the form of beds in sedimentary rocks, 
like the Cleveland iron ore for instance, and to have been since metamorphosed ; 
the fact that the ore is accompanied by garnet, hornblende, &c., is explained by 
the supposition that it was the ore that furnished the iron which enters into the 
composition of these minerals. 

An Account of the Proaress of the Geoloqical Survey of Scotland, 

By A. Ceikie, KR.S, 

The author showed the mode in which the survey is cariied on, describing par- 
ticularly the manner of filling in the geological features of each district of the 
country on the Ordnance Survey Maps. Upwards of 3000 square miles altogether 
have already been surveyed. Ilitherto the woik has been kept back by the small- 
ness of the staff and the backward state of the Ordnance Sur\ ey ; but the staff has 
now been largely increased, and as the Ordnance Survey Maps of the whole of the 
south of Scotland are now ready, the work will be much more rapidly proceeded 
with. The area geologically surveyed includes the district from the mouth of the 
Tay to Berwick on Tweed, and from the eastern end of Strathearn to the sources 
of the Tweed; also portions of the counties of Ayr, Wigtown, Kirkcudbright, 
Lanark, and Renfrew. Five sheets of the one-inch map have been published, and 
others are in preparation. Maps on the scale of six inches to one mile have been 
issued for the coal-fields of Edinburgh, Haddington, and Fife, and others for the 
Ayrshire coal-field are engraving. Two sheets of horizontal sections across Edin- 
burghshire and Haddingtonshire have been published ; also one sheet of vertical 
sections of the Edinburgh coal-field. Three memoirs, descriptive of Sheets 32, 33, 
and 34 of the one-inch map have appeared. Large collections of fossils and rock- 
specimens have been made in the course of the survey. 


On Tertiary and Quaternary Deposits in the Eastern Counties, with reference 
to Periodic Oscillations of Level and Climate, By the Rev. J. Gunn, 
M,A„ F.G,S. 

The author stated that periodic changes in the level of land and water and of 
climature had been assignea by men of science to astronomical causes ; and that 
imder the impression that if such were the fact, the effects of such periodic changes 
might stiU be traceable, he had examined the Tertiary strata in the Eastern 
Counties. 

He specified and described at length three several oscillations of level from the 
period of the forest-bed to the termination of the glacial epoch ; and after pointing 
out advantages in many respects derived from thus tracing the sequence of strata, 
he expressed a hope tliat others might be led to make a similar inquiry in older 
beds, so as to ascertain whether the supposed relation between astronomical and 
geological cycles holds good or not. 

The author was of opnion that, considering the length of time that had elapsed 
since the commencement of historical evidence, during which scarcely any geo- 
logical change was perceptible, the precessional cycle was too short, ana that such 
changes must be referred to a longer cycle, to which the precessional was sub- 
ordinate ; and he further indulged in the hope that, if the length of the cycle were 
ascertained, and the numbers of such oscillations counted, supposing, of course, that 
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the relation between the two were establiahed^ an approximation could be made to 
the age of certain portions of the crust of the earth. 


On the Coniston Group of the Lake District 
By Professor Harkness, and Dr. H. A. Kicholson, F.G*S. 

.Mber describing the range of the Coniston Limestone, a group of strata the 
position and age of which had been pointed out many years ago by Prof. Sedg- 
wick, the authors referred to a mass of black shales which rests conformably on 
these limestones, and which have yielded them a series of fossils new to the 
horizon in which they occur. These fossils consist of eleven species of Graptolites ; 
five of which belong to the genus Dtplograpsus, five to Graptolites^ ana one to 
Rastrites, These black shales, which are conformable to the Coniston Limestone, 
are also conformably succeeded by the Coniston Flag group of Prof. Sedgwick, and 
they are intercalated with the lower portion of this group. Upon the Coniston 
fiap the Coniston grits of Prof. Sedgwick occur, and the latter are also conform- 
able to the former. 

The Coniston grits have fossils in them, some of which have not been hitherto 
found in the Upper Silurian rocks of Great Britain ; this circumstance, taken in 
connexion wdth the conformability of the whole of the Coniston series, induce the 
authors to infer that there exists in the Lake country a mass of rocks which pro- 
bably attain a thickness of nearly 7000 feet above the Bala limestone and bmow 
the Upper Llandovery which have no eq[ual representatives elsewhere in the British 
Isles. 


On the Old Sea-cliffs and Submarine Banks of the Frith of Forth, 

By D. Milne Home. 

The author explained the line of old sea-cliff along both sides of the Frith of 
Forth, which haa been formed before the last change in the relative levels of sea 
and land. He mentioned that its height at the lower parts of the estuary was 
about 13 or 14 feet above the present high-water spring-tides, whilst near Stirling it 
was about 31 feet, and to the west about 35 or 40 feet. The author also specified 
two higher and older cliffs at heights of about CO feet and 130 feet respectively. 
He referred to the places where skeletons of whales and seals had been found at 
heights varying from 18 to 23 feet above the present level of high-water mark, and 
stated that sea-shells were found in two conditions — ^viz. first, in undisturbed Deds 
now 14 and 15 feet above high-water mark, where they were entire and perfect ; 
and, 2ndly, in beaches, where they were broken. He also referred to the ancient 
deltas, or heaps of gravel and debris at the level of the old cliff’, to be seen at dif- 
ferent places, as at Menstrie, Alva, and Tillicoultry. He explained the origin of the 
estuary of the Frith, by the great east and west fractures in the country adjoining 
to the north and south. lie said that in the Fife coal-field, the downcasts were 
almost all on the south side of the fractures, and amounted altogether to nearly 
2000 feet ; and in the coal-field of the Lothians, Linlithgow, and Stirlingshire, the 
downcasts were, on the other hand, to the north, and even to a greater extent, thus 
producing a trough or hollow, now filled by an arm of the sea. The rocks in this 
hollow were covered by various drift-deposits, the oldest being boulder-clay, and, 
over it beds of stratified clay, sand, and gravel. The gravel was generally on the 
top, which was accounted for by the water of the estuary shallowing, whereby the 
currents became more powerful, and thus gravel was laid down wnere only mud 
or sand could be laid down before. 

The author next proceeded to describe a long ridge of gravel running four or five 
miles through Oallendar Park, by Polmont eastward towards Linhthgow. He 
stated that its height was from 30 to 60 feet, and, judging from the materials cxm* 
posing it, he considered it had been formed "by sea-currenta He sdd that .these 
gravel ridges were very numerous in our open valleys, and that their direclaon or 
course was invariably parallel with the axis or sides of ^e valley. Though he had 
not seen the ridge of gravel at St. Fort, described in Dr. Chamberses paper, he could 
not help thinking it was to be accounted for in the same way, viz. ny marine cur* 





and not as an effect of ice action* He exhibited some Admiraltj charts^ 
showing the submarine banks and spits existing in the l^glish Ohannel, all of 
which were in like manner parallel to the sea>coast. If this bank was formed in 
that way, tbe sea mixst Isave stood at least 860 feet higher than now; and, in that 
view, an explanation WfP afforded of several phenomena in the district, such as the 
smoothed appearano© hard whinstone rooks of Stirling, Crairforth, Airthroy, 
Oastleton, and He wought it, however, not at all improbable that ice then 

floated on the sea; otherwise he couldlnot account for the position of some enormous 
boulders which he described situated to the east of Stirling, and which evidently 
had been in some way carried to their present positions. He next adverted to the 
feet of the old beach-line sloping upward to the westward, there being a rise of at 
least 20 feet. He did not consider this owing to any unequal rising of the land ; 
he thought it might be explained by the laws of tidal action. He knew a difterent 
explanation had been given of the old beach-lines of the Altentiord of Norway ; 
but, whatever may be the case there, this theory of unequal elevation need not be 
resorted to for the estuary of the Forih. He next adverted to the opinion recently 
expressed, that the last change of relative levels between sea and land had occurred 
since the occupation of this countr}^ by the Romans. In that opinion he could not 
concur. Several facts militated against it. If the sea covered the extensive plains 
to the west of Stirling, up to the old sea-cliff shown on the map, it would have 
been impossible for the Romans to have had their road, which had been discovered 
across the moss of Kincardine, or to have had their fort on the banks of the river 
below Stirling. Moreover, the caves hollowed out by the sea at Wemyss, in Fife, 
before the last change of the relative levels, must then have been occupied by the 
sea, and therefore the remarkable sculptures found on their walls, lately described 
by Sir James Simpson, must have been executed since the Romans left our island, 
a notion which, he believed, all archaeologists would repudiate. In conclusion, he 
expressed a hope that some one would undertake a survey of the old sea-cliffs con- 
nected with the estuary of the Tay, as he had no doubt they would lead also to 
interesting conclusions, and serve to check the results he had arrived at after exa- 
mining the estuary of the Forth. 

On the Structure of the Fendle Range of Hills , Lancashire, as illustrating the 
South-easterly Attenuation of the Carboniferous Sedimentary Rocks of the 
North of England, By Edwabi) Hull, B,A,, F,R.S., of the Geological Sur- 
vey of Scotland, (Communicated with the consent of the Director- General,') 
The author stated that the completion of the Geological Survey of a large por- 
tion of South Lancashiill had enabled him to arrive at the conclusions stated in 
this paper. 

After describing the general trend of the Pendle range of hills throughout a 
distance of about thir^ miles, from the neighbourhood of Lathom Park on the 
south-west to that of Colne on the north-east, the author showed that along this 
range, and especially at Pendle Hill itself, the sedimentary^’ strata of the Car- 
boniferous groim attains a vertical development surpassing that of the same beds 
in any part of Great Britain. Several carefully-measured sections in the neigh- 
bourhood of Burnley gave the following results : — 

1. Middle Coal-measures (only partially represented in this district), 

2. Lower Coal-measures 2,000 feet thick. 

8. Millstone-grit series 5,600 „ „ 

4. Yoredale series 6,025 „ „ 

Total 12,625 „ „ 

And if to tMs be added the beds of the Middle and Upper Coal-measures which 
oecur in South Lancashire, hut have been removed hv 'denudation from off the 
Burnley district, a total thickness of 18,786 feet would be the amount of thickness 
which the sedimentary” beds alone of the Caihoniferoustgroup originally attained 
In this part of England, 

Thii ©Itiinate excludes the Carboniferous limestone, which, for special reasons, 
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tlie author maintains ought not to ho classed with the truly sedimeutaiy ” portion 
of the group. ^ 

Comparing the thickness of these beds in the Pendle district wi^ that of ^0 
same formations in the direction of the Midland OountieB; isoertained |he 

progress of the Geological Survey, the following wer^ fSund to be the i^tiye 
proportions : — 


Coal-measures . . , 
Millstone series . 
Yoredale rocks . 

North 

Lancashire. 

. . 8,260 . . 

. 6,500 . . . 

. 6,025 . . 

South 

Lancashire. 

. . 7,635 . . 

. . 2,500 . . 

. . 2,000 . . 

North 

Staffordshire. 
.. 6000 .. 

. . 1000 . . 

. . 2000 . . 

Leioestendiire. 

.. 2500 

50 

60 


18,785 

12,135 

9000 



These figures showed, in the author’s opinion, a gradual thinning away of the 
strata towards the centre and east of England, as far as the Carboniferous rocks 
can be traced in that direction, till lost from view beneath the more recent 
formations. 

The author pointed to the above sections as bearing out his views regarding ^Hhe 
south-easterly attenuation of the Carboniferous sedimentary rocks ” of England, aa 
explained at the Manchester Meeting of the Association, and more fhlly stated in 
the Journal of the Geological Society of London, vol. xvi. ; and also as having an 
important beai’ing on the question of the extension of the coal-fields under the 
Tnaasic formations of centr^ England. 


Observations on the relative Geological Ages of the 'principal Physical Features 
of the Carboniferous Distrct of Lancashire, By Edward Hull, B*A, , FMB . , 
of the Geological Survey of Scotland, 

In this paper the author endeavoured to show that the upheaval of the Lower 
Carboniferous rocks along the Pendle range corresponded in time, and nearly in 
direction, with that which upraised the same beds along the northern boundaiy of 
the Yorkshire coal-field j ana that this upheaval, running in a line about E.Isr.E., 
dates 08 far back as the interval between the Carboniferous and Permian periods. 

2. That the occurrence of small areas of Permian beds on the northern base and 
slopes of the Pendle range, and resting unconformahly on the Lower Carboniferous 
rocKS, as at Clitheroe and Bispham, showed that the upheaval of the Carboniferous 
rocks took place before the Permian period, and that the amount of denudation must 
have been very great. According to the author’s calculation, no less than 19,000 
feet of Carboniferous strata have been removed in the Vale of Clitheroe before 
the commencement of the Permian period. (8ee thickness of these beds in pre- 
ceding paper.) 

3. Tnatjthe upheaval of the Millstone and Yoredale beds along the eastern 
border of Lancashire, and which resulted in dissevering the coal-field of this county 
from that of Yorkshire, was later than the period of upheaval of the Pendle range, 
being in all probability at the close of the Eermian and commencement of the Iri- 
assic epochs. The general direction of this upheaval was north and south. 

4 Inat the disturbances which produced the system of faults ranging N.W., for 
which the Lancashire coal-fields are so remarkable, were of later date than either 
of those above-named ; and were to be considered in all probability as having 
occurred at the close of the Jurassic epoch — certainly later than that of the Lias, 
These three systems of upheaval were shown to correspond to the sides of a 
triangle, of which the first and earliest lay about 20® north of east, the second about 
north and south, and the third and latest about N.N.W. 


On some New Cephalaspidean Fishes. By E. Hat Lakkester. 

Mr. Lankester described a new fish, known formerly by firagmonts as 
pmtuliferm. He also briefly noticed a new and large Uephalaspid from the Do#H-* 
ton Sandstones discovered by Mr. Lighthody. A diagram of a restored Cepluidai!|vis; 
showing some new points in the morphology of the genus, was also exhibited« 
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On the Ooldjields of Scotland *. 

' W. La-udee Lendsay, M,D.y FM.S.E,, F,L.S. 

*£he autlior’s conduflions are based on — 

1. Personal survey of the gold-fields of New Zealand. It was while visiting in 
1861 the auriferoxis distdcts of the Province of Otago that he was struck with the 
fiinulaiify, as respects physical geography and geology, between that country and 
many pawrts of Scotland, and with the probable parallelism as respects the distribu- 
tion of gold. 

% Personal comparative survey of Scotland, and its principal outlying islands, 
since his return to Scotland in 1862 , in order to determine how far such a paral- 
lelism really exists. 

S. Inspection of the specimens of gold and gold-rocks in the principal inter- 
national exhibitions and national museums of Britain and France, Australia, and 
New Zealand. 

4. Comparative study of the literature of gold in Scotland and other auriferous 
countries. 

His special conclusions as regards the Scottish gold-fields are founded mainly 
on — 

1 . The similarity of the rocks (Lower Silurian) of a great part of Scotland to 
those of most other auriferous countries. 

2. The abundance in Scotland of the minerals with which gold is most commonly 
associated in the richest auriferous countries j c. y., 

a. Metallic oxides (iron aud copper) : magnetic ironsand, containing (or not) 
oxide of titanium. 

h. Metallic sulphides (iron, copper^ lead ; and zinc). 

3. The actual discovery of gold, both in recent and former times, at various points 
between the extreme north and south of Scotland. 

His propositions concerning the gold-fields of Scotland ai‘e, that — 

I. Gold is much more extensively or generally diffused over Scotland than has 
been hitherto supposed. 

II. The Scottisli gold-fields may be divided geographically or topogi’aphically 
into two great areas, viz. the 

(A.) Great Northern, which is naturally subdivided by the Caledonian Canal. 
The northern half occupies the longitudinal axis of the northern penin- 
sula of Scotland, and comprises the greater part of the counties of 
Sutherland and Ross, and of Inverness and Argyle north of the Cale- 
donian Canal. The southern half lies between the said canal and the 
valley of the Tay, and forms a transverse belt across Scotland, com- 
prising a great part of the shires of Inverness and Argyle south of the 
canal; and of Aberdeen, Banft) Kincardine, Perth, Forfar, Stirling, and 
Dumbarton-shires. 

(B.) Southern — includes great part of Dumfries, Kirkcudbright, Wigton, Ayr, 
Selkirk, Peebles, and Lanark-sliires ; and more particularly parts of 
the districts of Nithsdale, Annandale, Eskdale, Ettrickdale, T weeddale, 
and Clydesdale ; Carrick ; and the Lammermiiirs (in Haddington and 
Berwick) — all south of the Forth. 

HI. Actual discoveries of gold have been made at different times in the follow- 
ing loda^ties : — 

(A.) Sutherlandshire — ^Kildonan on Helmsdale Water. 

Perthshire — 1. Breadalhane : area of Loch Tay and head waters of the 
Tay (Tyndrum and Taymouth). 

2. Upper Stratheam : area of Loch Earn and head waters of the Earn 
felen Lednock ; streams falling from the north into Loch Earn 5 
Ardvoirlich, south side of Loch Earn ; Glenturrit). 

S. Glenalmond : Glen 5 [uoich and other valleys of the Grampians. 

rC.J Porfardbire — Clova district : Braes of Angus,’’ Edzell, and Gleiiesk. 

(p,) Aberdeenshire : area of the Dee (Braemax, Invercauld, coast about Aber- 
deen). 

* Detwls will be found in a paper on the Gold and Gold Fields of Scotland ” in the 
tpmnsaotions of the Geological Society of Edinburgh for 1867-68. 
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TE.) Argyleshire; Dunoon. 

(F.) Lanarkshire: Headwaters of the Clyde, including th^rksh Ora'^NWilCoor 
or Leadhills district (Elvan water, Glengonnor, Glencaple, Mennhidr 
and Wenlock, Short Cleuch, Lamington 

(G.) Peeblesshire: Headwaters of the Tw^ (Maimor water, whlc}i flows 
north to the Tweed j Megget water, which flows south to St. Mary’S 
Loch ; various feeders of the Yarrow; Glengabei^. 

(H.) Dumfnesshire : Headwaters of the Annan ^offatdale : streams falling 
into Moffat water ; Hartfell range above Dobbs Linn). 

IV. The richness of the Scottish gold-flelds is illustrated by the following 
facts 

(A.) The limited area of the Leadhills 5 delded at one time (sixteenth century), 
to systematic working, half a million worth of gold. 

(B.) In various public or private museums nuggets of Scotch gold are exhibited 
of the following weights : — 

(1) 2 lbs. 3 oz.=27 oz. = 12,960 grs.; worth at current price of gold in 

Australia (=£4 per oz.) £108 : Leadhills : collected about lw2 : the 
largest mass of native gold recorded as having been found within 
historic times in Scotland. 

(2) 2 oz. = 960 grs. ; Breadalbane. 

(3) 1 oz. 10dwts.=s720gr8. : Leadhills. 

(4) 10dwts.=:240 grs. : Kildonan. 

(6) 30 grs. : Leadhills (1863). 

(6) 6 grs. : Moffatdale (1863). 

(7) Nuggets of 2 or 3 grs. are frequently found at Leadhills at the pre- 
sent day. 

V. Geologically the area of the Scottish gold-fields corresponds to that occupied 
by the Lower Silurian strata and their drifts: in the south represented by the 
greywackes and graptolitic slates of the Lowthers ; in the north by the micaceous 
schists of the Grampians. 

VI. Gold in Scotland is not^ however, necessarily- confined to the Silurian area. 
In other countries it has been found in rocks of so many different characters and 
ages, that it is impossible to predicate gold will not be found in any given district 
or rock in Scotland. In particular, gold has been found in Laurentian rocks in 
Canada, Nova Scotia, and Sweden ; hence it may at least be looked for in the area 
of Laurentian gneiss in Scotland, viz. in the Hebrides and western seaboard of 
Sutherland and Koss-shires. In Canada it occurs also in Tipper Silurian strata ; 
so that it is possible our Pentlands m^ prove to be auriferous. In California, 
Australia, New Zealand, and other auriferous countries, gold occurs in rocks oi 
more recent age, as well as in granites, syenites, sandstones and limestones, and 
their debris, apparently of very different ages. 

VII. The area of diffusion of gold in Scotland, and the extent to which it occurs, 
can only be determined by systematic investigation, equivalent at least to the 

P’ospecting’^ of gold-diggers, 

V in. Hitherto, with certain limited and local exceptions, there has been no such 
systematic gold ^^prospecting” in Scotland. 

IX. ^‘Prospecting” for gold should form mrt of the duties of the staff of the 
National Geological Survey of Scotland. From its simplicity it is, moreover, on 
operation quite within the powers of all classes of the community, who poss^, 
with the necessaiy interest in the subject, the requisite leisure and locw opportunity. 

X. Thei*e are indications (if they do not alwaya amoimt to proofs) of the exist- 
ence in Scotland of auriferous quartssites — of gold in situ — as well as of auriferous 

drifts'^ and “alluvial gold.” Gold in its matrix has been apparently found at 
least in Leadhills, Tweeddale, and Breadalbane. 

XI. At the present high rates of wages for skilled labour, and with the present 
rude appliances for its collection, gold-gathering in Scotland is not apparently remo- 

* I am further informed by Dr. Hill Barton, the learned historian of Scotland, tiiat 
the gold tores and other ornaments of prehistoric age found in different ports our 
oointtry were, there is eyery reason to beiieve, the prodoee of mtiw goU, 
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nerativ® a® areguliiar and eepomte industry. It is remunevatiT® only to tlio®® clwses of 
th® pofii}fitio& til® valtt® of whose lahour does not exceed M fess davj the VW® of 
lead^iamiliff 16#. peir week* But the Leadhills miners huu it ® profitable 

occupation for their leisure nours^ and they obtain a ready market for considerable 
quaa^ties at prices varying from 6<f. to 7|d. per minaaf 12 to £16 per oz. Gold 
t® me extent of 600 to 1000 grs. is occasionally collected in Leadhills in a few days 
for the local proprietors. 

XII. Before it can be properly discussed how far, or whether gold-washing is 
destined again to l^ome a national industxr in Scotland, it must be determined 
what is the extent and richness of the Scottish gold-fields. Present data are of the 
most imperfect and unsatisfactory kind for determining this point. 

XIJT^ Many improvements have been made of late years in the process of extract- 
ing gold from its matrix and drifts ; their effect has been to render it remunerative 
to collect gold which exists in quantities formerly considered too small to be 
profitable to work. Hence, in so far as the processes hitherto adopted in Scotland 
have been of the most primitive kind, it is possible it may yet be found expedient 
^stematically to work on the most modem plan some, at least, of the gold- 
deposits of Scotland. 

Regarding it as a ti/pe of the Scottish gold-fields, the author described in detail the 
gold and gold-rocks of Leadhills (to which he made a special visit in the autumn 
of 1863), pointing out the numerous parallelisms between it and the Tuapeka gold- 
field of Otago, New Zealand. He instituted certain other comparisons, e.y. between 
the gold-fields of Scotland and those of Hungary (Transylvania), especially as 
regards the remunerativeness of gold-washing to gipsies and other idle or nomad 
classes of the population. In conclusion, he indicated the present vigorous ope- 
rations of gold-mining or washing coiruanies in Wales and Ireland as an encourage- 
ment to systematic investigation in Scotland. 

8ur VAncien Glacier de la ValUe d^Argeles dans les Fyrinies, 

Par Charles Martins et Edouard Collomb. 

Tous les g^ologues sont d’accord pour admettre que les valines des Alpes. des 
Vosges et des Pyr^n^es ont occupies pendant ri^poque quatemaire par a’im- 
menses glaciers qui descendaient souvent dans les plaines voisines. La carte de 
Pancienne extension des glaciers dee Alpes et des Vosges a feite j celle des 
glaciers pyr^n^ens ne Pest point encore. Dans ce travail nous commencerons S. 
combler cette lacune en d^crivant le plus grand des glaciers du versont ftan^ais 
des Pyr^ni^es. celui qui provenant des sommets les plus ^levds de la chaine centrale 
s’est avanc^ la plus loin dans la plaine. 

C’est autour des pics de Neouvielle, Long, de Yignemale, et dans les cirques de 
Gavamie et de Troumouse, qu^on retrouve encore les fadbles restes du grand gla- 
cier qui occupait jadis la valine d’ Argel^s et ses affluens ; il descendait de la crSte 
des P^o^n^es fronfe^re de la France et de PEspagne et ses racines s’^tendaient de 
Pouest & Pest depuis le Pic de Cuj6-Palas jusqu’ll celui de Serre-Mourene. La 
valine principole, celle d’Argelds, aboutissait en se ramifiant aux vastes cirques de 
Gavamie, des Ou^ettes, d’Estaub^ et de Troumouse on d’H^as. Ces cirques ddja 
tr^s-^ev^s, sont dominos par des sommets dont Paltitude est coMxise entre 7600 et 
9760 pieds anglais. Le glacier principal avait trois grands affluens: celui de la 
valine de Cauterets, celui de la valine aArrens, et celui de Barrages. Sa longueur 
totale depuis les Tours de Marbor®, jusqu’au village d^Ad6 dans la plaine de Taxbes, 
oh sont ses demiferes moraines termmales, 6tait de 36 milles marina. Cette longueur 
n’a rien qui doive nous ^tonner, puisqu’il existe encore dans PHymalaya des gla- 
ciers plus loi^ que celui de la vaU^e d'Argel^s. 

Pour dtudier les traces que cet ancien g^ier a laiss^es apr^s lui, transportons- 
nous au centre du drque ae Gavamie. Sur les assises cr^tac^es et tertiaares qui 
fbment les gradins de cet immense omphithd&tm, nous voyons encore les glaciers 
qui soni les restes de celui que nous ellons dtudier ; mais ils ne ddpassent pas les 
bords des gradins qui les supportent. Dans le cirque memo de Gavamie nous 
trouvons la demidre moraine terminals de Pancien glacier composde de Woes cal- 
cairee, de gr^s nummulitiques et d® brdches fossilimres, elle separe la portion la 
plus reculee du drque de edie qui la prdcMe du c6t® du village de Gavamie. La 
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vall40 qiii, succMant au cirque, 8*<Stend de ce villa^ Ik celui deOMre, prtoi^ia dmiM 
lougues terrasses parallMes, ^ev4ee d© 2060 pieds environ au-deesus d© la vaU^So. 
L un© ^ droite, appel6e la Montagno de Ooumely, form© le pi^destnl des pins da 
Pim^n^ et de Larrue j c^est tine ancienne moraine dont }a surtace ondul^e ©it non** 
Tr ^ de p&tu^es et parsemde de gpuges k Ibin. La terraese oppose, appalde 
nr— ^ . . , auartzites, Ik rormia 


de Baugu6, est compost© de schistes bmns et de qu<M VA&VCOU dt 4 
moutonndes, quelquefois polies et strides par Taction de TiuKnen glacier. Sans 
s’41ever fiur ces terrasses, le gj^ologue pent se convaincr© but la grande route da 
Gavamie 4 Gedre que le glaSer a poll et us^ les escarpemens de la gor^ od bo 
trouve T^boulement appel^ le Chaos^ et avant dy arriver il remarquera sur la droite 
de la route un monticule compost de rocbee moutonn^es, polies, strides et por- 
tent des blocs erratiques. ])e semblables roches so remarquent encore but la droite 
de la route 4 la descent© sur le village de G4dre. Pr^s ae ce village, M. EmUien 
Prossard a vu dans les d^blais entrepris pour le trac^ de la nouvell© route, des blocs 
erratiques de gres cretac4 laune et friable, avec Ostrea carinata^ provenant nu 
cirque de Gavarnie. Entre Gedre et Luz, on remarque en aval du triple pont de la 
Scia, pr6s du torrent de Lassariou, un rocber schisteux entierement convert de 
blocs ^ranitiques. 

Amv6 4 Luz, I’ancien glacier de la valine d’Argel^s re^evait le puissant affluent 
de la valine de Barreges. II 4tait int6ressant d’4tudier les traces qu’il a laissdei 
dans ce point. Plac6 sur le Pont de Luz a St. Sauveur, le voyageur pent apperce- 
voir les blocs erratiques blancs qui entourent les granges d’Abi^. Ces granges sont 
construites en granite, et Tun de nous s’ est assur^ par le barom4tre que les demiers 
blocs ^talent 4 2770 pieds au-dessus du gave sous le Pont Napoleon. P^n^trons dans 
T^troite gorge de Pierrefitte, et nous y verrons des lambeaux morainiques recouverte 
de gras paturages plaques contre le Aanc gaucbe de la montagne. Au Bortir de la 
gorge, sur la droite et au niveau de la route, les schistes sont polis sur leur tran- 
chant, lustres et creiis^s par des marmites-de-g^ant (pot-holes) a section circulaire. 
L4 le glacier recevait le plus puissant de ses affluens, celui qui lui apportait les 
mat^riaux erratiques les plus nombreux et les plus indestructibles, les granites de 
la valine de Cauterets. J jg Pic de Viscos, si remarquable par sa forme pyramidale, 
^tait le promontoire au pied duquel se r^unissoient les deux glaciers, comparable 4 
VAhschioung, qui s6pare les glaciers actuels du Lauteraar et du Finsteraar, dont la 
reunion forme le glacier de rAor, si bien ^tudi^ par MM, Agassiz, Lesor, Vogt, et 
Dollfus-Ausset. tJne immense moraine lateral© gauche, parfaitement dessin^e sur 
la feuille 251 de la carte de France, s’dtend de 1 entree de la gorge de Cauterets 
ju8qu’4 St. Savin. L’un de nous en compagnie de Mr. Arthur Jones, a dtudi^ plua 
TO^cialement son extr^mit^ meridional© au-dessus du village d’Arcizans, Bitu6 pr6i 
if Ai^ 148 d’ou Ton aper 9 oit les flancs de la montagne d^scome-Crabe d6chir6i 
par des ravj^s creus^s dans des terrains meubles. Pour un ceil ©xerc6 c© sont d’an- 
ciennes moraines formant ime terrasse dont le niveau moyen est 4 2876 pieds au-» 
dessus du Pont de Filhos, pres d’Argel^s. Du haut de cette terrasse on s’assure que 
le Pic de Gez qui domine Argel4s et s’eleve a 8290 pieds au-dessus de la mer, est 
entierement convert de blocs granitiques, preuve que le glacier 4 acquis sur ce point 
a une ^poque de grande extension T^paisseur considerable de 2046 pieds au moins. 
La ville d’Argel4s est elle-meme batie sur une moraine granitiqu© fort basse coires- 
pondante 4 T^poque de retrait du glacier : couverte de cmataigniers ©lie s’^tend sous 
la forme d’une longue colline en aval d’Argel4s jusqu’au village d’Oost jouant 4 la 
fois le r61e de moraine lateral© gauche pour le pand glacier d’Argel^s, ©t celui d© 
moraine terminale pour celui affluent par la valme de Salles. 

Nous voici parvenus 4 Textr^mit^ infSrieure d© la Valine d’Argelfes ; 4 droite est 
le Pic de Jot qui s’^leve 4 2896 pieds au-dessus de la mer. De la route on apper^oit 
les blocs qui sont rest^ suspendus 4 ses dancs ; mais ils ne montent pas Jusqii’aa 
Bommet ; le baromitre nous apprit qu’ils s’arr4taient 41300 pieds au-dessus du Gave 
de Pau. C’est done T^paisseur maximum du glacier en ce point, et la moraine dont 
nous Tenons de mesurer la hauteur 4tait sa moraine lat^rale droite. La moraine 
median© a reoouvert d’un nombre immense des blocs la Montagne de Bdout. q[iil 
s’414ve 4 2416 pieds aurdessus de la mer, mais seulement 4 1286 pi^s au-dessus ^ la 
rivi4re. Sur cette Montagne de B4out, le ff4ologue pourra observer les blooa 
erratiques dans toutes les pointions et avec tous 1©b aeddena qui out 4t4 d^^uli leng^ 
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temps sipial^s en Suisse ; les uns se sont brisks en deux dans leur chute ; les autres 
sent suspendus sur d(^ pentes tres-fortes, un grand nombre reposent siir des blocs 
plus pet^, et quelques-uns sont perches sur des pi^destaux de trois pieds de hauteur 
environ. La montagne calcaire du B^out a ^t6 en effet ^rod^e par les eaux atmo- 
sph^riques^ elle pr^sente ces profonds sillons que les Suisses appellent 
niais certaines parties protegees par de gros blocs granitiques n’ont point atta- 
qu4es. et le bloc se trouve ^lev^ sur un pi^destal comme ceux qui sur les glaciers 
actueis forment la comiche d’une colonne de glace dont ils ont empech^ la fusion. 
La moraine lat4rale gauche du glacier se trouve dans la valine de Batsourigui^re, au 

S ied d’un c6ne calcaire d4nud(5 appel^ Each, elle est a 1230 pieds au-dessus du Gave 
e Pau, et la vaU^e elle-meme est, pour ainsi dire, remplie de blocs de granite. 

Sortons maintenant de la vall<5e d’Argeles, et ^tudions la moraine terminale telle 
qu’eUe se d^veloppe au nord de Lourdes : elle forme un gi*and arc de cercle, passant 
par les villages de Peyrusse, Loubajac, Ad^, Tuloz et Arcisac-les- Angles. Rendons- 
nous d^abord avec la foule des p^lerins crMules ala grotte miraculeuse, ou la jeune 
Bernadette pretendit avoir vu la Vierge le 14 F^vrier 1854. Le calcaire jurassique 
exploits le long de la route est arrondi,poli et stri^ partout oules travaux des ou- 
vriers ont mis a nula surface de la rocne. Ces strips sont dirig^es du S.S.E. au 
N.N.O. L’^glise elle-meme est construite sur une roche moutonn^e, et au del^, la 
route presents la coupe d’une moraine avec coilloux ray^s et blocS de granite, de 
schiste, de calcaire et d’ophite. 

Pour 4tudier la portion occidentale de la moraine terminale du glacier de la valine 
d’Argel^s, il faut suivre le chemin de fer de Lourdes a Pau. Pres de la Gare du rail- 
way on trouve les gres cretac^s du cirque deGavarnie a T^tat erratique, et partout dans 
les tranchdes des granites, des marbres blancs^ des schistes, et des gros blocs de cal- 
caires noirs, ray^s et empat^s dans la boue glaciaire. Si I’on s’^leve sur les coUines qui 
dominent le chemin de fer, on les trouve ^galement couvertes de blocs presque tous 
granitiques, et dont quelques-uns ont jusqu^a quinze pieds de longueur. De ces 
collines on d4couvre le petit lac de Lourdes ; il a 1760 yards de long, et est 61ev^ de 
1270 pieds au-dessus de la mer. C’est un lac morainique : il est barr^ a sa partie 
inf^rieure qui se termine par une tourbiere, et se diverse en amont comme d’autres 
lacs morainiques, ceux d’Orta, de Varese, de Come, au revers meridional des Alpes, 
de Gdrardmer dans le Vosges, de Llyn Llydaw prSs du sommet du Snowdon dans 
le pays de Galles. Si Ton se dirige de Peyrusse vers Mourles, propridt^ de M. Fould, 
on suit le bord de la moraine, et I’on reconnaitque toutes les collines qui entourent le 
lac sont couvertes de blocs erratiques, abondans surtout dans les parties couvertes des 
fougeres {Pteria aquUina) et dans le bois de chenes ou de cbataigniers. Les plus 
gros blocs sont entre le lac et le village de Poueyferr^ ; Tun d’eux de granite blanc 
avec mica noir, a 30 pieds de long sur 22 de large. Sur les bords de la route de 
Lourdes a Tarbes, on voit ^galement a un mille et demi de Lourdes, u^bloc pyra- 
midal de lumachelle, qui marque, pour ainsi dire, la limite de la region des blocs. 

La vaU^e de Lomdes a Ad(§, que le chemin de fer de Tarbes parcourt dans toute sa 
longueur, forme, pour ainsi dire, I’axe de la moraine terminale de I’ancien glacier. 
Entre Lourdes et Ad6, sur \me longueur de deux milles le chemin de fer coupe sept 
moraines parfaitement reconnaissables. La demiere apres le village d’Ad^, a 60 
pieds de haut j elle est comme les autres enti^rement formde de mat^riaux meubles 
— sables, cailloux, blocs mel4s confus^ment, et porte a sa surface de gros blocs de 
quartzite et de granite. A la suite de cette moraine, la plaine est niveme et recou- 
verte d^un sable argileux jaime, semblable au loess de la valine du Rhin. La pre- 
miere colline couple par le chemin de fer apres Ade est composee de schistes meta- 
morphiques traversee par un dyke d’ophite dont les parties exposees k I’airse ddcom- 
posent en boules. Le loess se prolonge dans la direction de Bordeauxjusqu’i Aire, 
sur une longueur de 43 miles. Sur la carte geologique de France de MM. Dufr^noy 
et ^lie de^aumont il est colori^ comme les sables des Landes dont il diO^e 
notablement. 

La partie orlentale de la moraine terminale de Tancien glacier d’Argel^ ne prd- 
sente rien de remarquable ; seulement nous signalerons les nombreux blocs qui 
recouvrent les collines qui bordent la valine entre Lourdes et Arcisac-les-Angles, sur 
la route de Lourdes d. &ign^res de Bigorre. D’une mani^re g^ndrale la moraine 
s’est beaucoup plus dtendue vers Toocident que vers Torient, ce qui devait ^tre par- 



TEANSACTIONS OF THE SECTIONS. 


ceque les affluens du glacier ^taient beaucoup plus nombreux et plus puissaus sur 
la rive gauche que sur \k rive droite. Quant a la distribution des mat^riaux, j ’observe 
que les gr^ cretac^s et les schistes d^voniens avec Bdepora du cirque de Gavar- 
nie caract^risent la moraine medians de I’ancien glacier; les granites blancs h, cristaux 
de Tourmaline de la valine de Oauterets, la moraine latoale gauche ; les ophites et les 
quarteites la moraine laterals droite. Cette distribution se retrouve dans la moraine 
terminale qui s’^tend au nord de Lourdes dans la plaine sous-pyr^n^enne. 

Nous terminerons ce m^moire en foumissant une preuve zoologique de la p^riode 
de froid qui a d^termin^ I’ancienne extension des glaciers pyr^n^ens. Notre ami M. 
Lartet, qui connait si bien le bassin sous-pyr^n^en, qii’il a longtemps habite et ou il a 
fait ses ^us belles d^couvertes, nous a donn^ la liste des animaux de I’lSpoque qua- 
temaire, d^termin^s par lui dans le sud-ouest de la France. Tous ont 6te trouvds 
dans le ailuvium et dans les cavemes et meme dans les alluvions modemes. Tous co- 
existaient avec les animaux qui habitent actuellement le pays j mais les uns sont 
maintenant rel(5gu^s dans les regions septentrionales de 1 ’Europe ou dans I’extreme 
nord ; les autres ont compl^tement disparu. Le caractere gtSndral de la faune est 
bordal, et indique un climat plus froid que celui qui existe actuellement; on en jugera 
par la liste suivante. 

Idste des Animaux deints ou imigrh trouvSs dam les terrains quatema/ires et lea 
cavernes du sud-ouest de la France, (Ed. Lartet.) 

MAmilFEBES. 

Elephas antiquus, Falc. Alluvions quatemaires de la Il^olle (Gironde). 

Elephas primigeniusy Blum. Alluvions quatemaires de I’Arriege, du Gers, haute 
Garonne ; cavernes du sud-ouest de la France. 

Ehinoeeros Merckiij Kaup. Alluvions anciennes du plateau de la Roque, Bor- 
deaux ; cavemes de la valine de Campan et de la Dordogne. 

Rhinoceros tichorhinusy Cuv. {R. antiquitatisy Blum.), Cavemes des Pyrdn^es; 
alluvions de la Garonne et de la Charente. 

Bosprimigeniusy Boj. Alluvions quatemaires, et cavernes dans tout le sud-ouest de 
la France. 

Bison EuropmiSy Cuv. {B.priscusy Boj.). Alluvions quatemaires, et cavemes de 
toute la region. 

Ovibos moschatusy de Bl. {B. moschatusy Gmel.). Sous des abris de rochers, 
Gorge d’Enfer et de la Madeleine (Dordogne). 

Cercus megaceroSy Hart. (C. hibernicusj Owen). Breche do I’Estalient pr^s Bag- 
neres, Sepulture d’Aurignac ; alluvions de Clermont (haute Garonne) ; Station de 
Laugerie-haute (Dordogne). 

Cervus tarandusj L. Cavemes des Pyr4n6es, Rebenac, Espalangue, pr^s de Lourdes, 
sepulture d’Aurignac, haute Garonne, &c. 

Capra hispanicay Schimp. (Bouquetin). Cavemes diverses des Pyrdn^es, de la 
Dordogne, de Tam et Garonne, vi\ait alors dans les plaines. 

Antmpe rupicapruy ErxL (Isard, Chamois). Cavemes des Pyrdndes, de Tam et 
Garonne, de la Dordogne, &c. 

Antilope Saiga, Pall. Repr^sente seulement par des comes dans les cavemes de 
Tam et Garonne, et de la Dordogne. 

Castor Europeeus, Brandt. Cavemes des Pyrdn^es, de Tam et Garonne, et de 
la Dordogne. 

Arctomys marmoUay L. Breche de I’Estalient pres Bagndres. 

Arctomys, sp. n. Grotte de Lacombe-Tajac (Dordogn^. 

Sperm/ophUua, voisin du Sp, erythrogenys, Brandt, ou Farryi, Richards. Grotte 
des Eyzies (Dordome). 

Ursm smUsua, Rosenmtiller. Cavemes des Pyrdndes ; abondant dans celles de 
PArri^ge, Tam et Garonne, Dordogne, &c. 

Felia apdesa, Goldf. Cavemes des Pyr^n^es centrales, sepultures d’Aurignac ; 
alluvions anciennes de Clennont (Arriege) ; cavemes de la Dordogne, &c. 

Fdm Lynx, L. Caveme de Massa (Arridge), des Eyzies (Dordogne). 

JWm, voisin du Leopard. Cavemes des iTxenees ; ^tte sup^eure de Maseat et 
de Bouichette (Axriege)., 



70 


BBFO&T — 1867. 


Goldf. AUuidons quatemaires du plateau de la Boque, px^ Bor<* 
deaux j caremes des Pyr^n^s, de la fiordome, &c. 

Hy^mtbriata, Zimm. (JET. prma^ Marcel de Serres). Brdche de I’Estalieniv pr^a 
Ba^^s. 

OiaEAtrx BBS Oavbbnbs. (Alph. Milne-Edwards.) 

GypaeteB Temm. Oavemes de la Dordogne. 

Muvm regalUf Vieill. Cavernes de la haute Garonne. 

Fako tinnunculm, Vieill. Oavemes de la Dordogne. 

Futeo cinereuSyGtml, Oaveme d’Aur^ac. 

mvcu, vieill. (^Stnx lapponica, ijm,), Dordogne. 

Mirundo rupestris, Tomm. Oaveme de Lourdes, 

Cormm coror/Vieill. Dordogne. 

Corvm pica, Teinm. Dordogne. 

Fyrrochorax alpinusj Vieill. Dordogne. 

Tetrao lagopus, L. Cavernes de Lourdes. 

Tetrao awus, L. Dordogne. 

Tetrao urogalluSf L. Dordogne. 

Grm primigeniaj Alph. Milne-Edwards. Dordogne. 

Parmi ces animaux les EMphans, les Rhinoceros, le Oerf d’lrlande, les Spermo- 
philes, rOurs des cavernes, les THyene, et la Grue ont disparu ; d’autres ont 
emigre, soit vers le nord soit sur les hautes cimes des Alpes et des Pyrenees. Ce 
sont le Renne, le Boeuf-musque, 1’ Aurochs, le Bouquetin d’Espagne, le Ohamois, 
la Marmotte des Alpes, le Oastor, le Lynx, la Ohouette de Lapome et leS Tetrao, 
Le caractere general eminemment arctique de cette faune nous montre que le cliinat 
des Pyrenees etait a cette epoque plus rigoureux qu’il ne Test actuellement. La 
zoologie confirme done compietement les donnees de la geologie. 


On the Cambrian Rocks of Llanberis with reference to a Break in the Conform’^ 
able Succession of the Lower Beds* By George Maw, F,0,S,, F.L./S^., 

A section was exhibited of the lower part of the Oambrian series along the 
southern hank of Llvn Padam, which was not visible at the time the Llanberis 
district was mapped oy the Geological Survey. 

A cutting on the branch railway from Carnarvon, now in course of formation, 
has exposed the structure of the lower beds and the most complicated part of the 
series. Underneath the beds worked for slates in the Dinorwic and Glyn quar- 
ries there occurs a considerable thickness of a compact rock obscurely banded with 
dark olive-green and dull buff, which rests unconformably on the upturned edges 
of a still more ancient slate-rock. Many of the similar dark-green bands inter- 
stratified with the workable slates of tne higher series^ and which have been 
grouped with the Cambrian grits and pebble-beds, contain isolated fragments of 
altered slate, and wherever they are in contact with the blue or purple slates a 
thin course of altered green slate occurs at the junction. 

Towards the lower part of the Upper series in the Glyn quarries the green 
matter occurs as a multitude of thin bands, in contact with which the slate has 
been altered to a pale green. 

The dark-green bands were found on analysis to exhibit a totally different com- 
position to that of the slate-matrix, and appeared to have been derived firom a 
different source. 

With reference to the condition of fusion imder which the dykes of greenstone 
were intruded, judging from the kind of alteration produced in the adjacent slate, 
the heat could not have been sufficient to effect a purely vitreous liquefection, as 
experiments proved that the slaty matrix was fusible at a lower heat than that at 
wmch the greenstone was refractory. 


On Tertiary ahvd Positertiary Action in the Pyrenees. 
By P, W. StuART Menteath. 
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On the Nature and StfeiemaHe FKoiHon of the (huptoTMim* 

By Hbnkx AiLBTHB Nicholson, i).Nc., MJB., F.O,S., ^ 

The authot of this paper, after stating the yiews of those who had relbfled the 
Graptolitidte to the Cephalopoda, the Actmo 2 oa, the Poljrzoa, and the Fpmmini^ni 
stated the reasons which induced him to class them with the Hydrdzoa, a TieW 
origfinally put forth by Prof. M^Ooy. This opinion was shown to be supported by 
the morphology of the GraptoHtidffi, and especiallyby the existence of a ^oommon 
canal ” corresponding to the ** coenosaro ” of the Hydrozoa, from which arose the 
separate cellules or polypites. As a special morphological ;mint, it was also indi- 
cated that the ** central disk of some Tetragrapsi and jOichoprajm would find 
a feasible homologue in the float ” or " pneumatophore ” of tne Physophoridee, 
an order of the oceanic Hydrozoa. 

Passing from the nutritive to the generative system, the author drew attention 
to the bodies originally described by himself as the " ovarian vesicles of Grapto- 
li^s, and also to those previously described by Hall, pointing out their close affinity 
with the gonophores’’ of the recent Hydrozoa. 

The reference of the Graptolitidse to the Hydrozoa was further shown to be 
supported by their mode of existence and by the determination of allied forms. 
As regards the former point, proofs were adduced that the great majority, if not 
the whole^ of the Graptolitidse were free and unattached, an almost fatal objection 
to the belief that they were referable to the Bryozoa. As to the second point, 
attention was drawn to the existence of a form ^originally described by the author 
under the name of CorynMes calictdaris) whicn was closely allied to the Grap- 
tolites, but which probably represented the Corynidse or Tubularid® in the Silurian 
seas. 

The author, in conclusion, declared his belief that the Graptolitidse could not be 
referred to any existing order, or even subclass, of the Hydrozoa, standing there- 
fore in the same relation to the latter that the Trilobites do to existing Crustacea. 
In the present state of our knowledge it seemed, therefore, most advisable to con- 
sider the Graptolites as constituting a new, subclass intermediate in position 
between the oceanic and the fixed Hydrozoa ,* and there were some reasons for 
the belief that they perhaps represented the original stock, from which the above 
existing sections of our living Hydrozoa have primarily diverged. 

On the Ghraptolites of the Blciddaw Slates, 

By Henry Alletne Nicholson, D.Nc., M , B ,, F , G , S ,, 8 fc , 

The author of this communication gave a brief description of the Graptolites of 
the Skiddaw Slates, a group of rocks forming the base of the great Silurian series 
of Cumberland and Westmorland. These Graptolites had been described in 1868 
by Mr. Salter, who gave a list of thirteen species. Rejecting some of these, the 
author was now enabled, by the researches of Prof. Harlmess and himself, to de- 
scribe twenty-three species, of which number thirteen are well known in the 
Quebec group of Canada, three are new, and the remainder occur elsewhere, either 
in the Lower or Upper Llandeilo rocks. The author pointed out various peculi- 
arities in the forms and distribution of the Skiddaw Graptolites, and showM that 
by their aid we were able clearly to correlate the Skiddaw Slates with the Quebec 
group in Canada. 

The Graptolites of the Skiddaw Slates were shown to be referable to six genera 
certainly, perhaps to eight. The genus Dichoyrapsus, Salter, was represented by 
four species, viz. D, Logmi, Hall, 1j, octobrachiattMf Hall, D. Nich., ana 

B, retMatuSy Nich. Of the genus Tetragrapmsy Salter, four species had been 
identified, viz. T. hrymoi^Sj Hall, T, qu^r^rachiatm, Hall, T, JELeaMf Hall, and 
T, crucifer y Hall. • 

The ^nus Bendrogramust Hall, was doubtfully represented by branching firag- 
ments apparently referable to B, NaUianuSy Prout, from which D. furetdula of 
Salter appears undistinguishable. 

The genus jR2cwr^<ro«t«, Nicholson, was idso doubtfully represented by a single 
new spedes, provisioni^ named P. mgam. 

Of the genus Biployrapsus^ M^Coy, four species ere known from the dates, viz. 
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D. prM^ormis^ Hftll, I), imtcronatus, Hall, D. ardmnarmij Hall, and i). <era- 
twuiulu$f His. 

Of the genus IHdwn0grap$u$j WCoj. seven species are found, viz. D. nitiduSf 
Hall, D.patuluBf Hafl («aZ). hirundo, SalteiO, !>• eerratulua^ Hall, D. b^idus, Hall, 
D* sextansy Hall, D. ffendnuSy His., and D. K-fractusy Salter. 

Of the p^uliar genus IfwUograpsuSy Hall, two species had been recognized, viz. 
P. anpust^oHuSy Hw, and P. typus, HalL 
Of the* genus QraptoUtes, Li^., four species had been stated to occur by Mr. 
Salter, viz. G, sagiitariusy Linn., G, tenuuy Portl., G. NiUsmiy Barr., and G, latusy 
M^Ooy; but these determinations had been in all probabUity founded upon frag- 
ments of the compound forms. 

On the Geology of India. By Dr. Oldham. 


On Fossil Fishes of the Old Bed Sandstone of Caithness and Suiherlandy with 
notices of some new to those Counties. By C. W. Peach. 

The author first mentioned Pterichthys as being abundant in Orkney, but until 
1863 not a vestige of it had been found in Caithness or Sutherland, when in June 
of that year he was fortunate enough to turn up, in the thin flaggy beds inter- 
calated amongst the coarse sandstones near John O’Groat’s, an exceedingly small 
species, with small spincd arms, delicately but beautifully sculptured. One 
specimen had two horn-like appendages, which turn right and left at right angles, 
and, like the others, difters from those found in Orkn^, and, if a new species, the 
author intends to name it after his late valued friend Kobert Dick, so that at least 
one thing belonging to the Old Eed Sandstone, for which he did so much, might 
bear his worthy name. After a full description of the above, he mentioned Coc- 
costemy describing C. pusillm of M^Coy, of which he had got nearly a perfect 
specimen at Munde, near Castlohill. In one he pointed out that the tail was 
covered either with scales or a tuberculated skin, a fact not before observed. 
Coccostem trigonaspis of M^Coy he considered not a good species, it being made 
from the lozenge-shaped ventral plate of the above species. M^Coy himself was 
doubtful about it. 

From Wick Head he had obtained Osteolepis brevis of M^Ooy. Dipterm he 
found was a true bony fish, as might be seen by the specimens produced, showing 
vertebral column, ribs, processes, and interspinous bones. Of Acanthodes he haa 
obtained a third species, the Acanthodes pusilhs of Agassiz. 

Holoptychius Sedgicickti he felt sure was also a true bony fish, as seen by the 
specimen he exhibited, showing similar internal bones to those noticed as occurring 
in Dipterus. All the above fishes were found in Caithness, and as well, probably, a 
new Ckdracanthm and spines of Diplacanthus longispinm. At Dornoch, m Suther- 
londshire, he had found scales of Holoptychius in the sandstones near the sea. 

Ttistichoptenis alatm was next alluded to. This reaUy handsome fish was 
described by Sir Philip Egerton in Decade X. of the Geological Survey, from im- 
perfect specimens exhibited by the author at the British Association at Aberdeen, 
in 1869; and although described as a true bony fish, its true place could not be 
positively made out, from the absence of paired fins, bones of the head, teeth, &c. 
Specimens of all these were produced, and fully bore out the conclusion which Sir 
Philip Efferton had arrived at when describing the one got in 1869. After men- 
tioning the probability of his having found (as well as the above) Annelides in 
Caithness rocks, he stated that he fully agreed with Sir R. I. Murchison, in his 
triple arrangement of the Old Red Sandstone in the counties of Caithness and 
Sutherland. 

• ... 

On the Qeohgy and Fossils of the Lingula Flags at Upper Mawddach, Forth 
Wales. By John Plant. 


Mr. R, Slimon’s collection of Crustacea was exhibited. 
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On the Internal Heat of the Earth, By Dr. Juuus Schtaeoz. ^ 


On the Relation of the Upper and Lower Crags in Norfolk, 
By J, E. Tatlob, Hon, Sec, Norwich Geol, Soc.* 


On a new Phosphatic Deposit near Upware, in Cambridgeshire, 

By J. F. Walker, B,A., F,G,8. 

At the Meeting of this Association at Nottingham, the author communicated a 
paper on a phosphatic deposit in Bedfordshire j further light has been thrown 
upon the nature of that bed by the discovery of another deposit near Upware. 
Tne most remarkable difference between these deposits is, that tne shells, which the 
author regarded as proper to the beds, exist*at Sandy and Potton in a ferruginous 
condition, but in a calcareous condition near Upware. The reason why the same 
fossils occur in different conditions in these beds is probably due to the proximity 
of a coral-reef to the Upware bed ; for the coral rag occurs at Upware, and a large 
supply of calcareous matter would be derived from this source. At Sandy tne 
casts of the shells are impressions in the ferruginous sand, which forms the matrix 
in which the fossils and nodules are imbedded, whilst at Upware casts of these 
sheDs occur composed of carbonate of calcium. The author referred to the water- 
worn condition of the phosphatic casts at Potton in his former paper, but the fer- 
ruginous nature of that bed was unfavourable for the preservation of the shells 
proper to the deposit ; in the Upware bed, however, the calcareous nature of the 
deposit is highly favourable for tlie preservation of the shells proper to the deposit ; 
and therefore the difference between the phosphatic casts and tne shells proper to 
their respective beds is more marked at Upware than at Potton. Bryozoa, SerptdcBf 
&c. occur on several of the phosphatic nodules at Upware, having evidently grown 
on them, the animal having followed the outline of the nodule, which circumstance 
would tend to show that the nodules have been deposited in a hardened condition 
in the place where they are found. 

Remains of the same fishes that are found in the Bedfordshire deposit occur in 
this bed j also of the reptiles, including Dakosaurus and Iguanodon, 

The author gave sections of the Upware deposits in the ^ Geological Magazine ^ 
for July 1867, also a list of the fossils ; among these there are a great many species 
of Brachiopoda, including three new species — W. Woodwardiiy W, Davidsomif and 
T, BaUasix (since described in Geol. Mag. October 1867). 

The known species of Brachiopoda found in this deposit are of the Lower-Green- 
sand age, including T, Selluy T, prcelonga^ T. depressa, T. Fittmi, W, Moutoniana, 
&c., JB. Gihhdana, R. anixdichotoma, &c. This bed likewise contains numerous 
fine specimens of sponges, Brvozoa, &c., resembling those found at Farringdon ; 
and during a recent visit to the latter locality the author obtained several shells 
which he has also found at Upware. The author considered these beds at Potton 
and Upware to be a drift of the age of the Lower Greensand, containing fossils of 
that age as well as extraneous specimens. 


On some Carboniferous Fossil Trees Imbedded in Trappean Ash in the Isle 
of Arran, By E. A. Wxtnsch. 


On like Gradual Alteration of the Coastdine in Norfolk, By J. Wtats, 

* See Appendix. 
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EBroRT— 

BIOLOGY. 

Address hy the Presiden,ty Professor William Smabpey, 

Sec. E.S., FM.S.E. 

I NEED scarcely remiiid you that Biology, or the science of the living economy, 
in its widest sense comprehends whatever relates to the organization, functions, 
and mode of life of living beings, whether plants or animals, as well as their 
natural history, that is, their distinctive characters, mutual affinities, systematic 
classification, and distribution. On account of the extent and variety oi the sub- 
jects which come under these heads, the Section of Biology in the British Asso- 
ciation has been divided on this as on former occasions into departments, which 
have been determined, not with a view to logical symmetry of arrangement, but 
for the convenient transaction of business. The department of Anatomy and 
Physiology, over which I have undertaken more immediately to preside, will 
include the structure and functions of man and animals j that of Zoology and 
Botany comprehends the natural history of animals and plants, and will be pre- 
sided over by Mr. Busk. 

Our special science has fully shared in the general advance of human know- 
ledge, which goes onward from year to year with steady progress. The area of 
ascertained truth is continually widening; the line of contiguity between the 
known and the unknown is perpetually extending ; hence more ample room and 
multiplied opportunity for passing the frontier and gaining fresh acquisitions in 
the unexplored region beyond. It has been said that in some fields oi science the 
harvest has been already reaped, and that those who now come after the great 
discoverers of older times are but the gleaners of what they have left behind. To 
this opinion I feel sure you will not assent. We, of course, cannot gauge the 
absolute amount of work remaining to be done in any sphere of mental activity ; 
but, viewed in relation to man’s power of research, the unexplored ground in every 
field of scientific inquiry may be deemed practically inexhaustible. The increasing 
number of cultivators and the mutual aid which different branches of science lend 
to each other must naturally quicken the rate of advance. Discoveries in one 
department speedily find application in other directions, and contribute to onward 
progress. One step made in advance renders another possible, and the way is thus 
prepared even for those more conspicuous achievements, in discovery or fact or 
invention of theory, which at rarer intervals command our admiration. In short, 
■with means of free intercommunication and durable record, the advance of natural 
knowledge, although not equable and uniform, becomes unbroken and continuous. 
In adverting for a few moments to the present state of anatomy and physiology, 
we cannot rail to be impressed by the general prevalence of improved methods of 
investigation, and the general use of instrumental and other appliances of greater 
power or greater precision in scrutinizing the intimate structure of the body, and 
m observing, estimating, and recording physiological phenomena. We see further 
marks of advance in the increasing apphcation of the other sciences, especially 
chemistry and physics, to the elucidation of the living economy, and in the readi- 
ness with whicn new discoveries in these sciences are taken advantage of for the 
prosecution of anatomical and physiological research. Through these means more 
extended and more precise data are obtained for the discovery or r^ognition of 
prevailing laws and the construction of rational theory ; ana physiology is ac- 
q^uiring more and more the character of an exact study. It is now two centuries 
smoe me microscope was first used in anatomical and physiological inquiries, and 
yet I can remember the time when its use might have been considered exceptional 
— ^When, at any rate, it was confined to a yeiy few hands ; but now it might 
almost oe said that no physiologist or naturalist is without one. Great improve- 
ments are oontinuaUy l^ing made in the potency, precision, and convenient appli- 
cation of the instrument ; and signal advantage nas been gained from the use of 
appropriate reagents for facilitating microscopical investigation. We need not 
look abroad for examples ; some of the most important miits of recent micro- 
scopical inquiry are due to the zeal and sagacity qi our own coimtrymen. I need 
refer lonly to the discoveries concerning flie mtimate structure of the nervous 
system ; and, without Invidious selection, I may more especially sigziidUie the w^- 
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known reseai'clies of Mr. Lockhart Olaarka on the nerrons eenties^ which^ I Sail 
hapny to say, he continues successfully to prosecute, — ^the discoyeries of ProfesSoT 
Bwe on the structure of ganglions and oi nerye-dbres, and their ultiinate distri* 
bntion in ihe tissues and organs, — and the interestinf^ obseryations of Hulke 
on the retina. By using high microscopic powers, with the greatest addrets and 
skill, l>r. Beale foimd out excj^uisitely minute dbrils in the peripheml branches of 
the neryes, and traced their distribution in yarious tissues. These inouiries haye 
been followed up by the German histolo^ts, and now it is maintained that nerye- 
dbres may be traced eyen into the partides of epithelium. Be this as it may, it is 
satisfactory to know that, as the functional influence of the neryes has been found 
to govern m a higher de^ee and more direct manner than formerly su^ected the 
circulating, secreting, and other nutritive processes, so our knowledge of the 
anatomicm domain of the nervous system is being correspondingly extended. As 
a marked instance, I may refer to the recent observations on the termination of 
nerves in the secreting epithelium of glands. In proceeding to say a word on 
other instrumental appScations, I may pass over the continued investigations into 
the electricity of nerves and muscles, and new determinations, by new methods, 
of the velocity of nervous’excitation, as well as new observations with the ophthal- 
mometer, ophthalmoscope, laryngoscope, and the newly invented cardiograph, and 
shall content myself with specializing the investigations made in tms country 
into the phenomena of the pulse, in health and disease, by means of the sphygmo- 
graph, and the important experimental in(][uine8 of Dr. Sanderson on the influence 
of tne thoracic movements on the circulation of the blood, carried on by means of 
the heemadynamometer and additional ingenious apparatus contrived by himself. 
The account of his observations is contained in the Croonian Lecture for 1866, 
delivered by him before the Koyal Society, which will shortly be published in the 
Philosophical Transactions. An important contribution to the physiology of 
respiration was, not long since, derived from a combined chemical and optical 
investigation, by Professor Stokes, into the oxidation and deoxidation of the 
colouring-matter of the blood. Spectrum analysis promises much aid. in physio- 
logical inquiry. It has been alreaay employed by Dr. Bence J ones and Mr. Dupr6, 
in a most remarkable and extensive series of experiments on the time reqmired fat 
the absorption and elimination of foreign matters by the living tissues. The sub- 
stance used was a salt of lithia, and it was traced into and out of the non-vascular 
as well as the vascular tissues. The continued employment of chemical means in 
physiological inquiries scarcely requires any comment. I must nevertheless make 
an exception in regard to some recent experimental results which lead to an impor- 
tant modification of the views heretofore generally entertained as to th^eneration 
of muscular force. From an experiment, now well known, by Pick and Wislicenus, 
in an ascent of the Faulhom, tnese observers concluded that the mechanical force 
and heat developed in muscular exertion cannot be derived solely or principally 
from oxidation of the proper muscular tissue. Dr. Frankland has subjected their 
data and conclusions to a careful chemical criticism, in which he determined ex- 
perimentally the heat, and consequently the mechanical force, produced by the 
oxidation of albuminoid substances ; and, on comparing this with the results of 
the Alpine experiment, he has fully confirmed the conclusions drawn from it. It 
would therefore seem as if a muscle ordinarily uses other materials, probably 
hydrocarbonous, to be oxidated in the production of force, as a steam-engine uses 
fuel, and not its own substance. More lately Professor Parkes has made, at the 
Netley Hospital, two series of very careful experiments, in which the whde of the 
discharged nitrogen was exactly determinea; and his experiments, which are 
related m two recent Numbers of the ^ Proceedings of the Boyal Sotnety/ lead to 
the same general inference as those of the Swiss inquirers ; but Br. JP^es has 
further found that nitrogen is retained during the actual peribrmance of work, 
perhaps oven taken up in some form by the muscle and assimilated, and that 
disch^e of it mainly takes place in the period of rest which sdcoeeds etortion. 
Witiiout unduly protracting these rather desultory remarks, I may be ponnitted 
to speak of a new and curious method of research quite recently introduced by a 
foreign experimenter, which has as yet been especially employed fur tradng &e 
more intimte distribution of the duets in the liver ittd idansyi but is possildy 



76 


BBPORT — 1867. 


applicable to the solution of other anatomic^ and physiological questiipi^ It 
consists in injecting into a yein or introducii^ into the stomach of a liTing animal 
a colouring-matter, which may, after a certain lapse of time, he found fiUmJf, and 
so rendering conspicuous, the gland ducts through wHch it is b^ing eliminated 
from the system. It is nee^ess to pursue these considerations fiirther, and it is 
not my purpose to attempt anything in the nature of a general survey of the recent 
work done in our science. The number of active workers has so greatly multiplied, 
and the published results of their labours have become so immense in extent and 
variety, that, to me at least, it would be a hopeless task to present within reason- 
able compass any consistent and intelli^ble summary. In one of the lately pub- 
lished annual reports on the progress of anatomy and physiology, I find that the 
writers referred to as having contributed to these sciences within the year are 
between five and six hundred, and a good many of them are cited for two or more 
contributions. One fruitful source of this increased production has been the insti- 
tution in recent years of physiological laboratories in various continental seats of 
learning, in which practical instruction is given in histological and physiological 
studies, and where many able and well-trained young men, ambitious of scientific 
distinction, are engaged in prosecuting original inquiries. No one, of course, can 
doubt the gain to science thus immensely accruing ; at the same time it must be 
admitted that the eager publication of immature results and hasty conclusions to 
which some are tempted, and the corrective, or at least diverging statements of 
others, equally confident, which speedily follow, present in not a few cases^ an 
amount of contradiction and confusion most bewildering to any one who desires 
to master the existing state of knowledge of the subject. But although this is 
undoubtedly a drawback, it is trifling in comparison with the advantage of mani- 
fold activity and accelerated progress. Anatomical and physiological jommals, 
and other channels for the publication of physiological papers, have of late years 
been on the increase abroad, and augmented facilities are thus afforded for dis- 
seminating new matter ; and we admire (I might almost say envy)^ the number 
and excellence of the graphic illustrations with which they ore furnished. Such 
advantages are not so freely offered to the anatomists and physiologists of this 
^untry. Anatomical and physiological memoirs, for the most part, require elabo- 
rately executed figures for their illustration, and the expense of a journal illus- 
trated fully and fitly is found to be a serious obstacle to its maintenance, with the 
limited circulation which a purely scientific periodical has heretofore obtained in 
Britain. It has sometimes occurred to me that a publication fund might be esta- 
blished, which, under unimpeachable management and control, might be applied 
especially to defray part of the expense incurred in illustrating scientific memoirs. 
Such a purpose, I venture to think, is not unworthy of consideration by those who 
desire to promote knowledge by pecuniary foundations. 

Finally, let me say a word on the influence of the British Association in the 
promotion of our science. The British Association carries on its work in various 
ways. One most important line of action is the appointment of committees, or 
individual members, to draw up reports on the progress and existing state of par- 
ticular branches of science, or to investigate particular scientific questions by 
actual observation or experiment, and report thereon j and eve^ year sums of 
money are voted to meet the expenses of such investigations. These reports are 
published in extemo in the annual volume, and are, for the most part, of great and 
acknowledged value. Biological science has fairly participated in these advan- 
tages. and nas further profited through the example set by the British Association, 
whicn has led other mfluential homes to set on foot investigations by similar 
means. Doubtless it inight be held that the same or like advantages might be 
obtained through a stationary scientific institution, and without such local gather- 
ings and annum visitations as that which we are now attending ; but it has been 
justly said that the periodic meetings of the British Association in different places 
serve not onlv to fmshen the interest and stimulate the activity of ibe habitual 
cultivators oi science, but also to render the study more widely ajktractive, and 
enlist fresh energies in the pursuit ; and then it must be rememoered that the 
subjects for repoj^s and particular lines of inquiry are for the most part suggested 
or determined by the discuadons that take place at these meetings. It must be 
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confessed) indeed, tihat the published proceedings (as distinguished fyoM snecial 
reports) of the Section of Physiology make no great show in the series of Totumes 
issued by the Association ; but, witnout undervaluing the reports of these 
ceedingS) I would venture to say that they are not, and cannot well be, a just 
measure of the useful work done. Much of the good effected by the sectional 
meetings can never be recorded. I remember being present at an assembly of the 
German Association of Naturalists at Berlin in 1828 , and of hearing Ofien, one 
of the most distinguished members and original founders of that institution, 
declare that the great purpose of the Association was, not to listen to long and 
elaborate communications, out rather to bring men of kindred pursuits from dif- 
ferent parts into friendly relation with each otner, affording them the opportunity 
of freely exchanging information, exhibiting new and interesting specimens and 
experiments, offering mutual suggestions, and establishing useful correspondence. 
All, I feel sure, will admit that this promotion of friencUy intercourse among men 
engaged in the pursuit of science ana those interested in its advancement is (and 
let us hope it will long continue to be) one of the great benefits conferred by the 
British Association. 

On the Preservation of Pishing Streams. By Sir James E. Alexakdeb. 

Notes on the Structure of certain Hydroid Medusae. 

By Professor Allman, M.D., F.E.S. 

I. Slabbehia. 

It is well known that in Slahhcria there occurs upon each of the four radiating 
canals a definite oval enlargement, which so closely resembles, in external appear- 
ance and in (position, the generative pouches of Ohelia, and of several other 
Hydroid Medusae, that a similar function has been hitherto, without hesitation, 
assigned to it. It has, however, nothing to do with generation j it consists of a 
mere thickening of the walls of the canal, and in no case could any trace of ova or 
spermatozoa be detected in it. 

It is in the walls of the manubrium that the generative elements are developed, 
and the manubrium becomes enlarged by their presence for a definite extent, 
exactly as in Sarsia. Nothing, however, has been discovered which seems capable 
of throwing further light on the import of the enlargements of the radiating canals. 

It will be thus seen that Slahheria belongs to that ^oup of Hydroid Medusoe 
which produces its generative elements in the walls of the manubrium instead of in 
special generative buds developed from the radiating canals. In other words^ it 
belongs to the true gonophore ” rather than to that form of Medusa to which 
the author had elsewhere given the name of blastocheme.” 

Forbes, the founder of the genus, misled by the peculiar, dilatations of the 
radiating canals, and not recognizing the presence of generative elements in the 
manubrium, regarded Slahheria as a blastocheme ; and this view has since been 
accepted, although the presence of distinct ocelli and the absence of lithocysts 
might have raised doubts as to its justice. 

ft may be noticed that Agassiz describes dilatations of the radiating canals in a 
North American PennariUj and regards them, though with some hesitation, as 
generative sacs. There can, however, be little doubt that the medusa of Pmnmia 
18 a true phanerocodonic gonophore, having its generative elements developed in 
the walls of its manubrium ; and it is by no means improbable that the dilatations 
of the radiating canals in Pennaria may have the same significance as those in 
Slabbcria. 

H. On some peculiarities in the Strudure ^Obelia. 

The little medusa which forms the subject of the present notice is produced bjr 
the very common hydroid Obelia {Laomedea) geniemata^ from whose gonangia it 
may be seen escaping in shoals during the whole of the spring and summer 
months. The marginal tentacles in the recently liberated medusa are twen^-four 
in number. Of these four are radial, being situated in the same meridional planes 
with the radiating canals, and between every two radial are five interradiaS ten- 
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tftdei ; hftve all a vary ^istinotly chambered axis, conmcaa^ a single s&tes 
of celis whose contiguous walls form the transverse ipartilim^ ^ Bach chamber 
contains a clear homogeneous fluid, with a nucleus whicn is i||n^y seated on the 
cent*^ of the partition wall, and imbedded in a mass of panular protoplasm, which 
is ^peguently continued through the axis of the cell in the form ot a fllament. 

The chambered axis of the tentacle becomes slightly thicker towards the 
proximal end, and is here continued into the substance of the umbrella, through 
nearly the entire of whose thickness it runs. The terminal cell of the tentacle 
root thus plunged into the gelatinous mass of the umbrella is much larger than any 
of the others which form the axis of the tentacle. Like the other cells of the 
axis, it frequently presents a nucleus on some part of its walls. 

The axis of the tentacle is surrounded by an ectodermal tube, composed appa- 
rently of membraneless cells, and having great numbers of minute, curved thread- 
cells inunersed in it. Near the root of the tentacle its ectoderm is thickened into 
a cushion-like swelling, which becomes continuous with the umbrella margin. 
Between the ectoderm and the chambered core of the tentacle is a well-marked 
layer of longitudinal muscular fibres. 

*The tentacle is thus absolutely solid in its entire extent, presenting nowhere any 
trace of an axile tube. There can be therefore no communication between it ani 
the circular canal, which accordingly simply passes over the subumbrellar side of 
its root. 

The author had been unable to find any trace of a velum which, certainly at the 
period of liberation, does not present a visible rudiment, though in certain positions 
of the medusa the optical expression of the thickness of the umbrella produces a 
deceptive appearance which may be mistaken for a narrow velum. 

It will be thus apparent that there are two points in which Ohelia contrasts most 
strongly with the great majoiity of hydroid Medusse, namely, (1) the structure of 
the tentacles, and their entire want of connexion with the gastrovascular system, 
and (2) the non-development of a velum. 

The condition of the tentacles in Ohelia is entirely that of those organs in the 
very aberrant genus Cvnina, where they are also inserted into the substance of the 
umbrella by a root chambered like the rest of the tentacle The tentacles of Ohelia^ 
too, just like those of Ouninay are remarkable for their slight extensibility, their 
motions consisting chiefiy in a spasmodic jerking up and down. The umbrella 
possesses but slight contractility, and the progression of the medusa would appear 
to be chiefly effected by the fin-like action of the tentacles. The habitually 
everted condition of the umbrella, which causes what is its inner surface in other 
medusae to become here convex, and its outer surface to become concave, would 
s6em to he connected with the non-development of a velum. 

III. The Structure of the Lithocysts in the Medusa of C ampantjlabia. 

In the medusa of Campantdaria Johnstoni (a medusa referable to the deep- 
belled section of Gegenhaur’s genus the marginal bodies or ^‘lithocysts 

are situated on a chord -like structure which runs rouna the margin of the umbrella, 
and which presents a little oval enlargement at each of the points where it sup- 
ports a lithocyst. This chord-like portion has been noticed in other medusas, and 
nas been regarded as a nerve-chord with ganglionic enlargements ; but it is plainly 
nothing more than the ectoderm of the lower surface of the marginal canal. The 
lithocyst is immersed for a slight depth in the marmnal enlargement which sup- 
ports it, and which sends a very delicate extension of its substance over the whole 
of its free surface ; it consists of a spherical, transparent, and structureless vesicle, 
the greater part of whoso cavity is occupied by a soft pulp. In this pulp, which 
has necessarily a spherical form corresponding to that of the containing vesicle, 
there is excavated at the distal pole, or that which is opposite to the basis of 
attachment of the vesicle-, a pit-like cavity, and within this cavitv, hut not entirely 
filling it, is the spherical, highly refracting concretion. In the spherical pulp 
its^f no trace of structure could be detected, but its surface is marked by twelve 
or fifteen delicate striae, wbicb take a meridional course at exactly equal distances 
from one another. At the distal pole they all terminate distinctly m the margin 
pf the pit-like excavation, and' may he thence traced to within a short distance of 
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the pole^ gie elcuB genevelly appeemg Ught-ooloturad when 

-with the dftiheif spaces. On the nature of these stiisa no nurthe? light 

could he thrown ; hut the author had little doubt that they are what Heneen hae 
incorrectly iuteirpieted as ^^auditonr hairs” in a medusa which he ref^ to the 
genua OieHa, but which probably belongs to the present tyne. It will he seep, 
too, that the structure of the lithocyst in Cctmpcmdaria diners in many respects 
from that of the same body in the Qeryonida as described by Hssohel, though the 
meridional striss with which the surface of the central pulp is marked in 
mnukria may suggest a comparison with the two supposed “ seni^-nerves ” which 
Hssckel has observed running in two opposite meridians on the inner side of the 
wall of the capsule in Carmarim and (nosmcodon* 

Notice of some rare Plants recently collected in Scotland. 

By Professor Balpottr, df./)., M.A., F.R.S. 

In this communication Professor Balfour alluded to the localities for rare plants 
in Scotland, and referred to the statements made as to the supposed disappearance 
of plants from the zeal of botanical collectors. He stated that a prize had been 
offered by the Maharajah of Jeypore to the Botanical Class of the tlniversity of 
Edinburgh for the best collection of Scotch plants, and that the announcement of 
this had called forth a severe remonstrance from a London correspondent, who 
warns the University against allowing such a prize to be given on account of the 
risk of extirpating rare plants. Professor Balfour showed that such fears were 
groundless, and that the localities of rare plants had suffered, not so much from 
botanists as from nurserymen and others who collected for the purpose of sale, as 
well as from the improved cultivation of the country, drainage, and other agricul- 
tural improvements. One rare plant, PhyUodoce ccenUea^ had oeen nearly destroyed 
by the rapacity of a Scotch nurseryman ; but Professor Balfour was happy to say 
the plant still existed on the Sow of Athole, and he showed a specimen which had 
been collected in August last. Drainage was affecting seriously the localities in 
which CoraUorrhiza innata was known to grow, but several new stations bad been 
found in Scotland. Pinguicula cdpina was becoming very scarce, owing to the 
drainage of the Black Isle. The greatest injury had been caused in the case of 
ferns, which were now cultivated for sale to a very large extent; and Professor 
Balfour knew of instances where English collectors nad robbed stations for 
Wbodsia hyperhorea and ilvmsisy Oystopteris montanay Asplenium BeptmtriomHey 
A. g&rrmmicumy and others. In these cases money-making was the object. He 
was glad to say, however, that new localities were constimtly being discovered, 
and tnat botanists were now becoming cautious in their communication to rutbless 
vendors of plants. New localities haa been found for Goody era repem near Edin- 
burgh and near Melrose. Corallorrhim innata had been found in several places in 
Fife and Perthshire. 

Professor Balfour then noticed an addition to the flora of Scotland in the case of 
Apera interruptay which occurred in large quantity on Dirleton Common, about 
twenty miles east from Edinburgh. He then gave an account of a trip to Dal- 
whinnie in August lost, during which he and liis party had visited the Sow of 
Athole, the Boar of Badenoch, Loch Ericht and Loch Laggan, Ben Aulder. and 
Corryarder. He described the occurrence of snow in large quantity on the niUs, 
and mentioned that he observed Polypodium alpestre and P.JtexUe in abundance. 
He bad gathered in Glen Tilt IHcranum GreviUianum and several other rare mossas 
which bad been recently discovered by Miss Mclnroy of Lude. He bad visited the 
station of Polypodmm calcarmmy near Aberfeldy, and observed the fern growing 
plentifully in an old limestone-quarry. He noticed also the occurrence of Aster 
scdignm in conriderable quantity in several stations on the banks of the Tay, par- 
tictdorly near Da%uise and Segmeden. In the latter place it had neen seen fot many 
years by Colonel Drummond-jSay, 

On the Claims of Arboriculture as a Science. By WiixiAM Bbcwk. 

The autbor said that those jMiints in the scientiflc culture of trees the eluoldiadoxi 
of which is so much wanted to guide and assist the practical flirester, or those 
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influences, good or bad, which trees are found to po^ess over the soil and climate, 
had not been taken up by the Association, He wished now to daim for arbori- 
culture such a position in science as its importance deserved. He showed that trees 
occupied in Britain one twenty-second part of the whole area, or only one-third less 
than what is under green crops. To every eleven acres of cultivated land there is one 
of wood, and one to every sixteen of uncultivated. The gross yearly value of this 
wood-crop was stated to be no less than £2,500,000. The effects of trees on the 
climate were then explained, injudicious clearings or overplanting respectively 
causing aridity and humidity. The want of a due proportion of a country under a 
tree-crop is certain to cause irregularity of temperature, violent storms, and dry- 
ness ; wnile it may be, on the other hand, over-clothed, so as to bring about just 
the opposite effects. As illustrative of the effects of trees on the health of the 
popumtion, reference was made to the districts of Grrantown and Abemethy, in 
Btrathspay, which until of late were covered with close masses of plantation and 
natural forests j but a regular system of thinnings and clearings having been carried 
out, the result has been a great and gradual decrease of deaths, in consequence, as 
he fully substantiated by statistics, mainly to the wood-surface having been brought 
down to a more healthy proportion. 

On British Fossil Cycacleoe. By W. Carruthees, F,L.8., F,Q.S. 

After describing the structure and peculiarities of living Cycads, the author gave 
a history of our knowledge of the known British fossil species. Two genera had 
been described, Clathraria and Cycadoidea, Clathraria had a simple or bifurcated 
stem, with the internal structure of Oycas, The scars on the stem are alternately 
large and small as in the recent genus, and some fruits found in the same beds 
with them agree generally with those of Cycas. Four species have been found, 
Clathraria Lyellii (Mant.), C. Mantelli (Carr.), C. Bucldandn (Carr.), and C. Milleri 
(Carr.) A new genus, Yatesia^ was established for a fossil with a simple stem with 
uniform scars and having fruits in terminal cones. A single species was known of 
this genus in Britain, Y, Mormi (Can.). Buckland’s genus Cyradoidea had bulbiform 
trunks with small branches permanently attached to the stem. Three species have 
been described, C. meyalophylla (Buckl.), C. microphylla (Buckl.), and C, pyymcsa 
(Lindl. andHutt.). A fourth genus, named Bmncttite^y in acknowledgment of the 
great assistance given to the author by J. J. Bennett, Esq., of the British Museum, 
was established for three remarkable forms, distinguished from all other Cycads in 
having an oval stem and a single woody cylinder from which the vascular tissue 
for each leaf separated in a single bundle. The fruit of the genus was described. 
This ‘Consisted of seeds borne on the ends of branched pedicels, which were deve- 
loped from the ^ex of short branches in the axils of the leaves. Three species 
were described, nmnettiJtes Saxhyi (Carr.), B, Gihsoni (Carr.), and j5. Feackii (Carr.). 

Remarks on the Entozoa of the Common Fowl and of Game Birds ^ in their 
supposed relation to the Grouse Disease, By Dr. Cobbold, F,Ii,8., F,L,8, 
The author presented a list of upwards of twenty distinct forms of Entozoa 
which had been recorded as infesting this group of birds. Taking each bird sepa- 
rately, one entozoon only had been described as infesting the red-legged partridge ; 
five nad been found in the grey partridge, four in the quail, four in the common 
grouse, three in the black grouse, four in the pheasant, and, lastly, fourteen in the 
fowl. It would seem that the prevalence or absence of Entozoa in the grouse had 
no connexion with the so-called ** grouse-disease j” that was an inflammatory dis- 
order of the blood terminating in gangrene and pysemia. The tapeworm of the 
grouse had been regarded as a distinct species ; but the author had no doubt that 
it was identical with the Tania linea, which also infested the partridge and quaiL 

Observations on the Habits of Fhyinyfish (Exocoetus), 

By Dr. Collingwood, M,A,f F,L.S, 

These observations were made with a view of discovering the object of the 
flyingfish^s aerial excursions, and also the mode by which they sustained them- 
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selves so long out of the water, and propelled themselves through the air. The 
results satisfactorily show that the flyingnah never leaves the water except pressed 
by its aquatic enemies; and with regard to the second point, although their 
passage from the water to the air is always accompanied by a rapid vibration of 
the pectoral fins, such a vibration does not continue, nor does it recur unless the 
fish passes through a wave-crest, or in^some manner wets its fins afresh. In this 
case a new vibration occurs, and it seems the stimulus of the sea- water produces 
the vibration in question. But the fish may progress with great rapidity for 70 
or 80 yards, without any fresh vibration, although it never rises more than a foot or 
eight^n inches above the surface of the waves. 


On Pelagic floating animals observed at Sea, 

By Dr. Collingwood, M,A,, F.L.S, 

In this paper the author gave an account of observations upon the occurrence 
and range or certain oceanic Mollusca, Pteropods, compound Tunicata, minute 
Crustacea, &c., which he had met with in a \ o} age of considerable duration, chiefly 
within the tropics. It was illustrated by specimens and coloured di'awings. 


Notes on Oceanic Hydrozoa, By Dr. Collingwood, M,A,y F,L,S, 

The various species of Lucernariadae and Phyaophoridie formed the subject of this 
communication. The author referred to the circumstances under which they occa- 
sionally occuiTed in great profusion upon the surface of the ocean, usually all of 
the same species, at the same time. The shoals embraced, on ditferent occasions, 
Aurelia^ Rivzostoniaj Pelagia^ Stejdianomia, Physalia^ Velella^ and Porpita, He espe- 
cially described the magnificent species of Physalia^ seen in some abundance near 
the Equator in the Atlantic Ocean, which Were each accompanied by a number of 
small fishes, which harboured un ler the shelter of the long tentacles and polypites 
of the Physalia, 

On some remarkable Marine Animals observed in the China Seas, 

By Dr. Collingwood, M.A., F,L,S, 

The author stated that he had found many new species of Nudibranchiata, Pla- 
narian Annelids, Crustacea, Echinoderms, &c. upon the shores of China, Formosa, 
Borneo, and Singapore Straits, of which he exhibited specimens. lie described 
the habits of some remarkable crustaceans which inliabit the sandy shores of 
these countries, and exhibited some new species of snapping shrimps {Alphem) 
from China and Singapore. He announced also the discovery of some enormous 
Actinias inhabiting the coral-reefs of the China seas, in which a number of fishes 
lived semiparasitically. He had met with these Actiniae on the submerged reefs 
of the China seas, and also upon the coast of Borneo, and had himself extracted a 
living fish from one of them. The paper was illustrated by a largo series of 
coloured drawings, made by the author, from life, the greater part of them being 
of new species, to be afterwards described. 


On Trichodesraium, or Sea-^dust, By Dr. Collingwood, M,A,^ F^L,S» 
The curious little Alga remarked by former observers as discolouring the sea in 
some parts of the worj& wjis observed by the author in greatest profusion in the 
China sea, where it formed a thick scum of many miles in extent. It never pre- 
sented the blood-red appearance of the two species of Trichodeamium desenbed 
by Montaj^e and others, but was always of a uniform pale straw-colour. The 
author believed that it was a different species from T, Jahrenhergii or T, Mindsii^ 
and stated that it was confervoid in character, exhibited no spontaneous movements, 
but was, in some parts of the Indian Ocean, associated with an OsciUotorm, which 
he also described with figures. 


Professor Dickson exhibited an abnormal Leaf of Pmnus Imro-oerasm* 

1867. 0 
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On the Morphology of the Arthrepoda. By Antoh Boubv, Dr* PhU* Jen0, 
The author had studied the development of PaUrnion, XAthodeSy Porimm^ and 
more e^pe(dalW Myd$ and Ouma. He considers the complex respiratory apparatus 
of (Sma as a nigfh degree of elaboration of the simple form met vnith in Zoea, Tho 
micropyle apparatus in the back of Ouma and the Jmriophthalma is nothing but the 
remains of the dorsal spine of Zoeoy or rather of the larval form of the cirripeds, 
■ifhich he caUfl Archh<m 0 f as he believes Zo^a takes its origin from It. The larval 
membrane of Ctma mdJEdriophthalma is nothing but the last remains of the carapace 
of the Nauplius of the cirripeds. The trefoil-like appendages of A^ttus ^e the last 
remains of the 2k>ea state, representing the carapace, the spines on the sides of the 
carapace, and the respiratory apparatus of the Zoea. The two pairs of antennae 
and the mandibles of the Crust^jea are homologous with the three pairs of extre- 
mities of Nauplius. The plate and appendage whieh reach the top of the head in 
the Cuma emnryo develope into the carapace and branchial apparatus. The plate 
in Cuma and Phryganea are identical. In Cuma it becomes the carapace, in Phry^ 
ganea the head-plate : whilst the appendage which in Cuma forms the top of the 
branchial apparatus, lorms in Phryganea the antennee. 


Amblystegium confervoides, a J/bss new to Britain. By John Fraser, M.D. 

While visiting Bovedale, on the 29th of November 1866, for the purpose of Exa- 
mining its mosses, the author was fortunate enough to find a small and in some re- 
spite an insignificant moss, but which has never before been observed in the 
British Isles. It has been submitted both to Mr. Wilson of Warrington and Pro» 
fessor Schimper of Strasburg, who are quite agreed as to what the moss is, and who 
are satisfied that this is the nrst time it has been recorded in this country. It has 
previously been found on the Alps and other parts of Europe, 

The romantic dale of the Dove is on the confines of Derbyshire and Staflbrdshira \ 
it consists of the Mountain Limestone, which rises on either side to a considerable 
elevation. The new moss was picked up in that portion of it which belongs to 
Staffordshire, growing in patches more or less extensive, not on the bark of trees, 
nor on the solid rock, but op detached stones of small size in shady places. It has 
not been found except in one place, and that over a small area and in small 
quantity. It is to be hoped that it may be found in other parts of the limestone 
in that district, as well as in other parts of England. 

The moss itself is one of the smallest species. It has much affinity to Hypmim 
incm'vatum, differing chiefly in its smaller size, hair-like depressed branches, and in 
the lax texture of the leaves, which are quite destitute of nerve. At first it was 
supposed to be Amblystegium subtile ; but this has a straight erect capsule, no cilia 
to the inner peristome, and leaves faintly nerved. 

The following description of it was drawn up for the most part by Mr. Wilson : 
— Amhlystegium confervoides of Bruch and Schimper is monoecious, growing in 
patches on stones and in shady places ; stems creeping, very slender, subpinnate, 
sparingly branched ; branches capilliform j leaves scattered, secund, more or less 
spreading, ovate - lanceolate, acuminate, entire^ nerveless; perichsetial leaves 
longer, erect ; capsule cernuous oblong, slightly incurved, pale brown, semipeiiu- 
cid ; opemulum convex, apiculate ; annulus small, deciduous ; inner peristome with 
cilia 5 outer peristome yellow, fruit-stalk one-third of an ipch long. 

Specimens and drawings of this mess were exhibited. 


On the Destruetion of PlantMions at Drundanrig by a epeeiee of Vole, 

By Dr. Grierson. 

The ravages of one or room ^ecies of Arvicola or Vole in the piaptationa at Brum- 
lanrig ip Dumfriesshire have been for years increasing. As mr as the author can 
learu, such was pot specially noticed until about the year 186?. Since then the de- 
struction might he represented by high figures. It would seem that the Voles have 
migratory habits, at tunes appearing m vast numbers in plantations where they had 
not been "previously noticed , and which they almost completely destroy. The destruc- 
tion is principally ammig tne young oaks and ash. A ring of bark is gnawed from 
the tree close to the root, where it is covered with grass. The effect of this ring of 
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tek kfiing removed ia tlie destruction of the tree. Plantations are liable to be so 
injured untiil they are of more than twelve years’ growth* Should there be any trees 
of holly their bark is almost wholly removed. It is ip the winter months that thn 
destruption chiefly takes place, esjpecially when the ground is covered with snow* 
In the examination of hund>*o4s of voles obtained from the Drumlanrig plantations 
the anthor distinguished two sjpepies : the ope corresponds to the Arvioom pratieimSi 
the other to the A, agmiw. The forpier bears but a small proportion ip number to 
the latter* There can be little or no doubt that the enormous increase of vples is 
owing to the relentless extirpation of rapacious birds, and especially of the 
weasles. While nature gaye unlimited fertility to the Rodentia, she bounded their 
destructive increase by 0ie carnivora ; pud it is not wise for man, for the sape of 
sport, to disturb that order, Nature will mot suffer him with impunity ; the 
forests will become blighted, and the land overrun with vermin, unless he ceases to 
destroy indiscriminately the hawks, the owls, and the weasles. 


On certain Simulations of Vegetable Growths by Mineral Substances, 

By John Beakin Heaton, M,D, 

Several observers have noticed the curious arborizations which are developed 
upon crystals of various salts when immersed in a solution of silicate of soda, 
varying in form and other characters. Sulphate of iron seems to be the salt Whose 
crystals, when so immersed, produce the most free and beautiful forms ; and the 
observations noticed had been made with this salt. If small fragments of these 
crystals be dropped into a solution of silicate ol soda, formed by diluting the 
commercial solution with about twice its measure of water, and having a depsify 
of about 1‘065, very beautiful arborizations will soon begin to shoot perpendicularly 
upwfirdSi attaining the height of 3 or 4 inches in a few hours, consisting of trunks 
subdividing and ramifying into branches of the greatest delicacy, and exactly re- 
sembling a miniature forest of leafless trees, or imitating a mass of conferyse, the 
mode of rarniflcftion and the rapidity of growth varying with the density of the 
solution used. If a much weaker solution be used, formed by diluting that of the 
strength pre>iou8ly employed with two or three times its own measure of water, 
and the crystal be suspended by a thread just below the surface, instead of h^ipg 
allowed to drop to the bottom, roots will shoot downwards tp the bottom of the gjpes 
jar containing the solution, but there will be no growth upwards. By using a 
solution of ap intermediate strength the author had sometimes obtained contprfed 
fibres, like roots, growing downwards, apd stems growing perpendicularly upwards 
on the same crystal, su«^pended in the middle of the solution. The branches which 
grow upwards, like the ascending stem of a plant, do not owe their tendency to ascend 
to their having a lov er specific gravity than the liquid in which they are formed ; 
on the contrary, w'hen broken from their support, they at once sink to the bottom 
of the liquid. The same is true with respect to the downward roots, which sink 
to the hottopi when detached from the crystal on which they form. Thev are very 
friable, but have sufficient strength to retain their form for some days if not dis- 
turbed; but when lifted out of the liquidj they collapse and fall to pieces. Both 
silex and tfie salt of iron enter into their composition, as is evidenced ^ by their 
colour, which is various tints of olive or bluish green, and their brittle insoluble 
character. The weaker the solution the more silex and the leas iron enters into 
their composition, the branches being of a paler colour, or almost white^ a^^eprding 
to the strength of the solution. Examined microscopically, the ultimate ramifica- 
tions are foupd to be cylindrical, but gradually tapenng to fine neecIJe-Jike p3|:tre- 
mities, and tubular throughout ; the walls being formed of a delicate inemstatiop, 
have no appearapee of ciystallization, but are finely granular. They subdivide like 
the branches of a tree ; sometimes they are irregularly contoiied j sometimes two 
adjacent parallel hrgnphes unite, and again separate just as we see in the threads 
of microscopic confen ae, the tubular formation, however, being continuous through- 
out. The tubplpr character is equally apparent in the roots ; but their terminafiops 
are more abrupt, sometimes cluh-shaped. 

These phenomena present strong resemblances to the modes and forms of 
growth of bodies belonging to the \egetabl6 kingdom of organic nature. The 
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ascending and descending growths of the stem and root of a plant are exactly 
imitated by these formations, influenced by some force which is neither that of 
gravitation nor the molecular attraction of ciystallization. The growth of these 
lormations is likewise interstitialj like that of an organized living tissue j otherwise 
how can the conical tubular extremities be carried forwards as the branches elon- 
gate ? or how can these tubular branches unite and again separate, the continuity 
of the tubes remaining unbroken ? These curious formations present another ex- 
ample of the approximation of dead matter to living organizations in the modes in 
which they increase, and in the forms which they assume ; and they seem to increase 
the difficulty of defining even between the primary division of organized living 
beings and inorganic substances. If these forms, or an exact photographic tmn- 
script of them, were offered to an observer previously uninformed of their true 
nature and origin, they would in all probability be pronounced to be vegetable. Or 
supposing such purely mineral substances to have been formed in bygone geological 
eras, and to have been accidentally fossilized in some primary or other ancient rock, 
they would very probably, when discovered by recent investigation, be pronounced 
to bo an evidence of organized beings liaving existed contemporaneously with the 
formation of such rock. 


On the occurrence 0 / Aster salignus (Willd.) in Wichen Fen, Cambridgeshire, 
By W. P. Hiekn, M.A. 

The above plant was found on the 25th of August 1807, growing in company with 
Cladium 3Iariscm, Thalictrum Jlavuni, Peucedammi pahtstre, Carduus pratensis, 
Agrostis canitia, Lastrea TheJypteris, and several salices. On the same fen, about two 
months previously, the author also found the very rare orchid Sturmia Lceselii (R.). 

The soil of Wicken Fen consists of a thickness of eight feet or more of peat over- 
lying a basin of gault. The peat arises from the decay of ^ arious aquatic plants, 
and carbonate of lime is stored in the ditches by the Oharas that grow in them. 
Attention was drawn to the habit of the specimens which accompanied this paper, 
for they have the appearance of wild plants. The spot where the Aster gi'ows is in 
the midst of sedge, and no house is near it. A living specimen has been placed 
under the care of the curator of the Cambridge Botanical Uarden. The following is 
the name, with references, and the description of the plants : — 

Aster salignus (Willdenow), Species Plantarum, tom. iii. pars iii. p. 2040. n. 06 ; 
Nees, Gen. et Sp. Asteroariiin, p. 00. n. 00 ; Gren. and Godr. FI. de France, vol. ii. 
p. 102 ; DC. FI. Fr. vol. v, p. 470 ; Rchb. Flor. Germ, et Helvet. vol, xvi. p. 7 j 
vol. xvii. pi. cmviii. fig. 1 ; FI. Dan. vol. xiv. pi. 2475. 

Rhizome perennial, creeping. Stem 1-1 J ft. high, solid, herbaceous, leafy, 
smooth, neany glabrous, purplish towards the base, erect, simple below, branched 
above, racemosely panicled ; branches five-ranked, corymbose. Leaves sessile, lan- 
ceolate, half clasping, not fleshy, bright, scabrous on margins, serrate in the middle, 
1-veined j lower leaves attenuate at base, those of the branches linear, entire. Phyl- 
laries loose, linear, nearly equal, outer ones not retiexed. Receptacle slightly con- 
vex, alveolate. Florets ot the ray ligulate fertile, pale lilac. Florets of the disk 
yellow tubular. Pappus filiform, dirty white. Fruit compressed, pubescent with 
longitudinal ribs. 

Ilahitat. Wicken Fen, Cambridgeshire. Flowers in August. 

Willd enow’s definition of the species is as follows 

^‘A. foliis lineari-lanceolatis sessilibus integerrirais margine scahris, inferioribus 
lanceolatis apice serratis, caule paniculate glabro erecto, calycibus laxis imbri- 
catis. — W. 

Habitat in Germania ad ripas Albi8,etin Hungaria. 2^ (v. s.). 

Corolla radiis albis, domum cmrulescens.” 

The species saUgtms of the genus Aster belongs to the section Oenuinij which con- 
tains, according to Nees (a.d. 1833), 69 species, and of these none hut this species 
and perhaps another {A, riparitts, Is. ab E.) are natives of Europe ; 65 of them belong 
to the middle regions of North America, and 2 to tropical America. 

The present species is a native of Germany, Denmark, and Hungary (?), where 
it grows in marshy places by the banks of rivers. It may be conSdereu either as 
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lou^ ago brought from America to Europe in order to furnieh a representative of the 
section to which it belongs, and as afterwaids lost from its original habitat, or as the 
last species of the section remaining in Europe after all its aUios had been destroyed. 
But whatever happened in early ages, the present geogi-aphical distribution of Aster 
salignm is not inconsistent with its extending to Britain, 'w here it might be expected 
to occur in such a locality as Wicken Fen. Professor Balfour exhibited in 1866 
specimens of a Scotch Aster, apparently Aster saligmts (salicifolms), before the Bota- 
mcal Society of Edinburgh. 

Note , — A specimen of this plant was found by Mr. Brown of Cambridge, on 
Wicken Fen in 1864, and given to the Professor of Botany ; but it remained un- 
named until after the reading of this paper. 


On the Boring of Limestones hy certain Annelids. By E. Bay Lankestei?. 

The author drew attention to the boring of Salella calvaria (alieady noticed by 
Spence Bate and by De Quatrefages), and also to the more inteiesting case of 
Lettcodore, which was new. Leticodore is very abundant on some shores, where 
boulders and pebbles may be found worm-eaten and riddled by these worms. Only 
stones composed of carbonate of lime are bored by them. On coasts where such 
stones are rare they are selected, and all others are left. The worms are quite soft, 
and armed only with homy bristles. How, then, do they bore P The author main- 
tained that it was by the carbonic acid and other acid excretions of their bodies, 
aided by the mechanical action of their bristles. The selection of a material soluble 
in these acids is most noticeable, since the softest chalk and the hardest limestone 
are bored with the same facility. This can only be by chemical action. If, then, 
we have a case of chemical boring in these woims, is it not probable that many 
mollusks are similarly assisted in their excavations P The author did not deny the 
mechanical action in the Pholas and other shells, but maintained that in many cases 
the cooperation of acid excreta was probable. The truth was to be found in a 
theory w^hich combined the chemical and the mechanical view. 


On the Anatomy of the Limpet. By E. Bay Lankesteii. 

The author drew attention to several points in the anatomy of this interesting 
mollusk which had escaped previous olxseiwers, and which ho had ascertained. 
Prof. Bolleston, of Oxford, had assisted the author in (‘onhrming his results and 
offering suggestions. The po’nts noted w^ere : 1 st. The existence of a large yellow 
salivary gland with four ducts. 2nd. The absence of an OAiduct. 3rd. The pre- 
sence of two capito-pcdal orifices, perhaps the exits of the ova and seed. 4th. The 
structure of the large renal sac, which has two external apeitures on either side of 
the anus, and a minute orifice communicating with the pericaidium. The water ex- 
uded by the limpet when suiq)riscd on its rock probably is squeezed from this organ. 


On the Conservation of Forests in ovr Colonies. 

By W. Lauder Lindsay, M.D., F.ll.S.E., F.L.S. 

The main object of tliis paper is to urge the establish immt of Boards of Commis- 
sioners or Inspectors of Woods and Forests in all the British colonies which are, 
or admit of bemg, more or less forest-clad — in order to ihe 

(1) Preservation and improvement of the primith e forests; and 

(2) The systematic rearing of new forests by way of substitution or replacement as 
and before the old ones disappear. 

The author enters fully on the grounds which lead to the conclusion that a 
necessity exists for the establishment of such Boards, and that properly cultivated 
forests are of primary importance to the progress of all countries, yoiing or old. The 
author’s attention was strongly drawn to the subject while travelling in New Zea- 
land in 1861. The observations he records were principally made in ihat colony ; 
but subsequent or prior investigation in Australia and various countries or islands 
of Europe, in connexion with a study of the literature of the subject, lead him to 
believe that his suggestions will be found to apply mntatis mutandis to all our 
forest-clad colonies in at least the earlier stages of tneir settlement. 
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llie main pro|)ositions of tlie author as regards New-2ealand forests wete the 

following: — ^ i . .a 

1. Its present forest area is extremely small in relation to ,what it evidently ^as 
in times comparatively recent. A variety of evidence points to the cOhclusidti that 
nearly the whole country was at one |>enod luxuriantly forest-clad, the exceptions 
being the snow-covered oarren alps of the interior. 

2. I'he remnants of the primitive forest still existing are rapidly disappearing 
under the following combinations of destructive agencies : — 

I. Natural. 

A. Current geological changes. 

1. Alterations in relative levels of land and water — especially 
a. Local subsidence of former. 


b. Encroachment by sea sand on the coasts. 

c. Erosion of coasts by the sea, and of the margins of lakes and banks of 

rivers and stream^s, especially during the storms and floods of winter. 

B. Current meteorological or climatological changes — avalanches, glaciers, 

wind-storms, lightning, winter torrents and floods (direct ageiicy). 

C. Current zoological agencies — wild animals (c. g. birds and insects) eating 

bark, tearing up saplings, devouring seeds or seedlings, buiToWing under 
the Wk or within the timber. 

II. Artificial. 

A. Indirect or accidental. 


(1) Cattle and wild pigs. 

(2) Bush fires. 

B. Direct or deliberate. 


(1) Bush-clearing for agricultural purposes. 

(2) Timber-cutting for (a) building, (b) fencing, (c) fuel. 

(3) Track-making for men or cattle. 

3. This destruction, which is more or less necessaiy or inevitable, is materially 
hastened by the reckless and improvident, or illegal and culpable, timber-felling both 
by colonists and natives, — more especially as regards the former by 

(1) The abuse of the wood-cutting license ; and as regards the latter by 

(2) Deliberate destruction in connexion with their superstitions. 

4. With this improvident and unnecessary destruction there coex^ists a great 
scarcity of timber, both for fuel and building, in many parts of the colony, rendering 
expensive imports indispensable. 

5. No adequate legal check or provision exists for the prevention of abuses and 
the protection of the forest interests. On the other hand, 

0» There exists apparently, on the part both of Colonial Governments and colo- 
nists, a blind indifference to, or ignorance of, the importance of 

(1) Preserving to the utmost in a healthy state of gi’owth the old or virgin 

forests. 


(2) Forestalling their inevitable disappearance, or replacing them, by the sys- 
tematic cultivation of new forests, whether of 

A. Indigenous, or 

B. Exotic (acclimatized) trees. 

(^) Forest cultivation in relation to climate. 

7. Manj^ important problems aw^ait solution, aftecting both 

(1) The economic value and applications of the existing indigenous timbers, 
and 


(2) The rearing of new forests, 

which scientific experts, or systematic experiment, are alone probably 
capable of solving, e, g . : — 

(1) A. The best season for felling native timbers in different localities. 

B. The comparative durabilify in salt and fresh waters. 

^ C. Their yower of resistance to marine boring animals. 

(2) The determination of the species, indigenous or exotic, most suitable for the 

various mrposes of building-timber, shelter, fuel, &c., as respects 

A. Rapidity of grow fch. 

B. Facility of acclimatization. 

0. Ultimate or permanent economical qualities. 
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8. "Wlien tlie vii^n fotest is destroyed by nattufd or ftrtificiol agonciesi the tslu- 
able timber-yielding trees are not remaced by a young and vigorous groVrtb of the 
satne spedss, but geiierally by a ditefent and imefiof growth, sotBet&mOi wholly 
fruticose, occasionmly only cryptogamic. 

0. Future and permanent timber-supplies must be looked for from forests yet to 
be artificially reared and systematically cultivated^ consisting in great measure of in- 
troduced or acclimatised (exotic) trees of a hardier growth than those wMoh are 
indigenous. 

10. There is an evident and pressing want of a Board of Forests in New Zealand, 
with a complete skilled Staff suitable to the requirements of so large and so varied 
a colony ; wmle a similar want exists in all our colonies which are similarly placed. 

The author dwelt chiefly on the abuse of the bush license, on sacrifices to a blind 
and ignorant utilitarianism that are only too common, on indiscriminate and extra- 
vagant destruction of valuable timber arising from a loose colonial morality, or a 
tolerated evasion of the written law, and on those other errors of commission or 
omission on the part of governments or settlers which illustrate the necessity for 
the establishment of some authoritative form of supervision and protection over 
the forest interests. 

He^ instituted comparisons between the condition of New Zealand forests and 
the history of forest destruction and cultivation in Scotland, the Hartz Mountains, 
and India, pointing out the fruits of lavish waste and ignorant indifference, and 
indicating the present forest regulations of the Ilartz district in Germany * as models 
for imitation in all our colonies. The paper concludes by showing the fertile and 
important results likely to accrue from acclimatization-experiments in relation to 
forest-culture in New Zealand, especially from the introduction on the large scale 
of certain of the hardier, rapidly growing trees of Tasmania and Australia. 

Is Lichen-growth detrimental to Forest and Fi'uit Trees f? 

By W. Laudee Lindsay, M,D», FM*S,Ei, FBB, 

The author’s object was on the one hand to direct attention to the radical difter- 
eiides of opinion that exist regarding the effect of Lichen-growth on trees, and on 
the other to endeavour to reconcile those differences, and to indicate the inferences 
that are legitimately deducible from existing data. The paper, however, was in- 
tended to be suggestive rather than descriptive ; its aim was rather to call attention 
to the unsatisfactory paucity and character of the facts on record, and to invite the 
record of facts as contradistinguished fi’om mere opinions^ than to elaborate his oWn 
views ot results. 

One group of scientific authorities regards Lichens as trtte parasiteSy and as such 
detrimental to the healthy growth of trees, and depreciative of their value ; while 
another group describes them as rion-parauticj as making use of trees simply as bases 
of support — as innocuous, or even as beneficial, to their hosts* The former opinion is 
that unanimously held by arboriculturists and nurserymen — by all who are concerned 
with the cultivation of timber, bark, or fruit-trees j while the latter is that usually 
entertained by lichenologists. 

The principal propositions of the author were the following : — 

1. That Lichens must he regarded as trtie parastteSf drawing certain at least of 

the constituents of their thallus from the objects oil which they grow. 

In his work on * British Licheiis,’ published in 1850 (p. 50), the author had 
shown that the Lichen-thallus contains such bases as silica and alumina, iron and 
manganese, lime, potash, soda, and magnesia, which could not have been derived 
from the atmospherCy from which lichenologists assert Lichens derive their whole 
nounshment. 

II. That nurserymen discard Os unsahcMe trees or shrubs that are lichen- 
covered. 

♦ The author gar© some deacription of these regulations after a tour through the Hartz 
Forest in 1850 : vide Proceedings of Botanical Society of Edinburgh tov 1898, and Phyto- 
logist, vol. iv. p. 988 (1863). 

T The sutjject may be found treated at g^ter length in * Hardwioke’s Science Gossip,’ 
1867, p. 241 ; or the ‘ Farmer,’ Qct, 9, 1867* p» 403, 
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ni. That foresters and tanners regard Lichen-coated oak-hark as of diminisked 
value by virtue of such coating. 

IV. That arhoriculturists consider Lichen-growth a disease, or as a cemse ox restM 
of disease. 

Evidence is unanimous that Lichen-growth should never occur in forests or nur- 
series which are the subject of proper care ; where the conditions of healthy growth 
are sedulously provided ; where the trees or shrubs are properly thinned; where the 
soil and manure are suitable. Further, the disease of Lichen-growth, when it ap- 
pears, can be removed or dissipated at will by placing the tree which it affects in 
more favourable conditions of development, eucn as transfer to a richer soil or the 
supply of proper manure. 

On Plant- Acclimatization in Scotlaiid, with special reference to Tiissac Grass 

By W. Lattder Lindsay, M,D,, F,R,S,E,, FB.S, 

In May 1806 the author inspected the condition of the Tussac-grass plantations 
that had* been established in 1845 by James Ritchie, C.E., of Perth, on the estates 
of Sir James Matheson in the Lews (Outer Hebrides). The main objects of his 
communication were on the one hand to describe the condition of limited planta- 
tions of a most nutritious and valuable exotic grtiss, which is capable of luxuriant 
growth on otherwise sterile shores in Scotland, and on the other to illustrate 
certain points in connexion with plant-acclimatization in Scotland that have not 
attracted that degree of attention which they deserve, viz. : — 

I. The necessity, as regards success, in acclimatization-experiments for imitating 

the natural conditions of gro^vth ; and 

II. The inevitable failure that niu«5t result from ignorance of or inattention to these 

conditions. 

From all the evidence he had collected, the author’s conclusion was that the 
Tussac experiment in the Lews was on the whole a failure, but one due solely to 
inattention lo the proper care and cultiiation of the grass. Tussac requires protec- 
tion and care like other crops, and not more so. Suitable regulations for both pro- 
tection and care were laid down by Mr. Ritchie ; and so long as these were carried 
out or attended to, the plantations thri^ ed, and they only failed after he left the 
island, and the conduct of the expeiiment was consigned to those who had a less 
intelligent conception of its importance, and an infeiior interest in its success. The 
immediate causes of the destruction of the crops of Tussac, which were flourishing 
in 1852, appear to have been (1) non-protection by fences, and (2) the want of weed- 
ing. Cattle were allowed unlimited access, with the result that the plant was de-^ 
stroyed, partly by being trampled down, partly by the roots being giubbed up and 
eaten. Weeding was not attended to, and in general terms no care was bestowed 
on its cultivation. 

The author believes there is no ground for doubting that ivith the same ammint of 
care as is bestowed on other crops, such as turnips, Tussac grass may be successfully 
cultivated on many of the bleak and sterile islands and coasts of Scotland, to which 
it could not fail to become a boon of no insignificant kind. 

To what extent is Lichen-growth a test of Age ? 

By W. Laudee Lindsay, FJIB.E,, F.L.S, 

The opinion is, and has been long prevalent among poets, historians, and archseo- 
lopists, that trees and buildings are aged in proportion to the copiousness of their 
Lichen-covering ; that Lichen-growth may be regarded as a test of the antiquity of 
the natural objects or artificial structures on which it occurs. Poets constantly 
speak of trees, rocks, or towers as being mossed with agef^ while archaeologists 
have gone so far as to consider Lichen-growth diagnostic of antiquity. The popular 
name of Lichens, Time-stains,” shows that such a belief is, however, by no means 
confined to the dosses of writers referred to. Botanical writers have fostered this 
belief by almost uniformly describing Lichens as of very slow growth, attaining to 

^ The subject may be found treated at greater length in the ‘ Journal of Agriculture,’ 
November 1F67 ; or the ‘ Farmer,’ Oct. 30, 1867, p. 553. 
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great age. Tlie object of the author’s paper was to exhibit the result of certain 
researches on the subject of Lichen-growth in relation to the age of the structures 
on which it occurs, in order to determine how far the current opinions in question 
are founded on fact. His immediate object was to determine the rapidity of XicAm- 
deoehpmmt under favourable conditiomj or, in other words, How soon might a 
fresh surface of wood or stone become so Lichen-clad as to assume the ‘‘ hoary ” or 
^'time-stained” appearance that is popularly associated with the idea of great ageP 
In endeavouring to solve this question he assumed, as standards of comparison, the 
• me^liths of Stennis in Orknev and Callemishin Lewis, both of which groups of 
prehistoric remains, undoubted^ of great though undetermined age, he had visited 
m May 1866, and of whose Lichen-Flora he had published an account in the 
Transactions of the Botanical Socie^ of Edinburgh (vol. ix. p. 154). On the other 
hand, he noted the development of Lichen-growth on a variety of recent structures 
of known age, including 

I. Walls of buildings, gardens, and roads : bridges and other edifices of stone : as 

well as the mortar or cement used in their construction and in their repair 
from time to time. 

II. Fences of sawn timber around fields and gardens : posts, gates, and other struc- 

tures of fabricated wood. 

III. Young trees and shrubs in nurseries, plantations, forests, gardens, shrubberies, 
and cemeteries. 

The conclusion at which he arrives is that within a quarter of a century, in periods 
ranging from two to five years and upwards, as copious a clothing of Lichens as 
that which covers the monoliths of Stennis or Callernish may be produced in favour- 
able conditions of growth, and hence that Idchen-growth furnishes no criterion of 
the antiqtdty of prehistoric or other structures. 

Additional corroborative evidence was adduced from the history of those Lichens 
which were or are still collected in Northern Europe, on account of their economi- 
cal applications, as food, fodder, or dye-stufis, e. g. Lecanora farfarea^ Cetraria Islan- 
dica^ and Cladonia rangiferim. Their collectors were familiar with the fact that 
they may look for replacement of the species they remove in a limited number of 
years, varying generally within a period of from three to five. 

The author draws a distinction between rapidity of primary development and 
slowness of subsequent growth, showing that the two phenomena may occur conse- 
cutively in the same individual — a circum‘«tance which serves to reconcile on the 
one hand the facts observ ed as to the rapidity with which a fresh surface, whether 
of earth, stone, or wood, may become Lichen-coated ; and on the other the current 
opinion among botanists tliat Lichen-growth is essentially slow, and its duration 
practically unlimited. 

On Polymorphism in the Fnictijication of Lichens* * 

By W. Laudeh Lindsay, J/.D., F.R.S.E., F.L.S, 

Ten years ago, while engaged in researches on the secondary or complementary 
reproductive organs of Lichens, the author met with a number of instances of 
polymorphism or plurality thereof — especially of the occurrence in the same species 
of more than one form of spermogoniuin or pycnidium ; and since that date further 
instances have frequently occurred to him. The forms of polymorphism specially 
described or referred to in the present communication are the occurrence in the 
same species of — 

I. More than one form of spermo^onium. 

IT. •More than one form of pycnidium. 

III. Pycnidia in addition to spermogonia, or spermogonia in addition to pycnidia. 

IV. Pycnidia instead of spermogonia. 

V. Spermatia and sporidia in the same conceptacle. 

VI. Diflerent sizes and forms of spermatia and sterigmata, or of stylospores and 
basidia. 

These multiple forms of reproductive organs or bodies were met with chiefly in 

♦ The subject may be found treated more fully in the ‘ Quarterly Journal of Microsco- 
pical Science,’ January 1808. 
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the loWdl* Lidlielis, in species, e. g.^ of the genera Verrucariaj Stigmatidium^ SlrtgtUaf 
CalmUfUf Lecid^ttf AhrothaUm^ Opegrapha, Graphkj ArtUmia^ Trachylidf Lecanord^ 
though th^ wete also fotUid in a few of the higher Lichens, e. g. in speciefs Of 
parfneliaj MocSetla^ and Akctofia. 

ThO following short catalogue of species, in Which the author met With devia- 
tions from, modifications of, or additions to, the ordinary reprodurtive organs or 
corpuscles, Illustrates the general subject of his paper, and may indicate the direc- 
tion itt Which future observation is likely to prove useful, either by correcting the 
erroTiS of previous authors, or by confirming and extending their results : — 

t. GefttUs V'^rrucaria, 

V. Taglorif V, dhlototica^ V. HiOrla, V. ppidermidiSy V, hiformk: tWo or 
more forms of spermogoniura or pycnidium. 

7^. gemniata ; spCrmogonia and pycnidia. 

F. glahrata : two forms of spennatia and sterigmata. 

F. dtomctria : Spermatia and sporidia in same peritliecium. 

it. Genus Arthonia. 

A, cinereo-pruinosa : two or more forms of spermogonium. 

A, pruinom : pycnidia. 

A. pruinom^ var. spilomatia : two forms of stylospores and basidia. 

A, astroidea : spermogonia and pycnidia. 

A. astroidea f var. iSwartziana : two fv)rms of stylospores and basidia. 

III. Genus Opegrapha. 

O, herpeticdy O. vulgata : two or more forms of speriiiogonia. 

O. dtrdj 0. varia : pycnidia. 

IV. Genus Lecidea. 

L, parasema^ L. dryim : two forms of spermogonia. 

X. luteolaf L. petrceaj L. anomdla, L, disciformisj L. alho^atia^ L. Cktdoniaria : 
spermogonia and pycnidia. 

L, enierohma : pycnidia in lieu of spermogonia. 

L. abietifia : pycnidia, and two forms of spermogonia. 

L.J(e:tuosa : pycnidia. 

V. Genus Lecanora. 

1j* iuhfueeaj L. atra, L. Ehrha)iiana, L. varia^ especially var. aiteuia : pycni- 
dia, and two or more forms of spermogonia. 

L, dmhrina : pycnidia. 

X. c6Hna ; two or more fomis of speimogonia. 

Similar reproductive irregularities occur inUr alia in the genera StHgula and 
Ahr^othallus : Graphk soripta, Stigmatidiuin vrassum^ Trarhjlm tigillark, Roccella 
Montagneij Parmelia smtwsa^ P. Hcuvatilis ^ ar. sulcata, Alectoria Jubata, A. lata, Scu~ 
tula Wallrothii, Neuromgon nwlaa authm var. ciliatus. 

The pseudo-genus I^/renothea may be regarded ns an excellent illustrative group 
of the organs in question, especially those sections of the genus represented by the 
old species ; — 

j \ Pytenothea vermicelliftra* 1 P. aphams, 

’ I P. leueocephala. III. < P. rudis. 

II. P. corrugata* ( P. byssacea* 

The paper also notices certain resemblances in form between stylospores and 
sporidia^ and points out that pycnidia are much more prevalent among Lichens than 
is at present supposed. The author describes at length the anatomical or structural 
distinctions between spermogonia and pycnidia : and makes certain observations on 
their presumed respective functions, ana in general on the physiology of thasecon- 
dary reproductive organs and corpuscles of Lichens. It would appear, from the 
author’s researches, tiiat links connecting the Lichens with the Fungi more and 
more closely are constantly being discovered ; and that in particular the same 
plurelity of reproductive organs which characterizes the latter will he found 
probably to a less extent to characterize the former*. 

* Fi<^ also the following papers by the author: — 

1. tn Transactions of Eoyu Society of Edinburgh, vol. xxii. p. lOl, ** Spermogonia and 
Pycnidia of the Higher Lichens vot xxiv. p. 407, “ New Zealand lichens and Fungi.** 



TRANSACtlOirS O# YMB IeCTIONS. 




tTiH Ahnornutl forms of Fsrn^, By E. J. Loi^a, F,R,&»f F*L,S,, F.&iSi 

The fbho^dng fiEwts have come imdet the author’s notice during the series of inves- 
tigations on this interesting subject. 

1st. As regards the various abncjrmal forms that species will assume. It is a 
singular fact that most of our British ferns put on appearances closely in inlitation 
of each other, that the varieties of each species liave many characters in common, 
and that a certain law of form of variety seems to extend nipre or less through 
both British and exotic species. The more usual forms running through nearly 
all our British ferns are those having the fronds cf'ested, crispy inwricaiedy cot^uetdy 
corymhijerousy mvUifidy admmndfey narrotCy ptmnosey iiderruptedy depavperatey ramoafiy 
and dtdarf: ana not only this, but Vre have the multiple of these, or the Combining 
together of two or three characters in one frond, such as the narrow-crisped, the 
multifid-crisped y or the narrow- multifid y as examples. 

Most of these abnormal varieties nave been been found wild, and a large propor- 
tion in localities where the species is neither abundant iior luxuriant 111 growth. 
Of course, springing from an individual plant, it occupies time and care in raising 
duplicates from spores j and in doitig thi*^, singular accidental sports have been 
raised and a new method of obtaiiiilig \ arieties detected. 

2nd. As regards the gathering and sowing the sporei^ of these sports*^ It seeills 
from these experiments almost an established fact that spores gathered from oUe 
portion of an abnormal frond will produce diftbrent varieties from those of spoils 
gathered from another portion of the same frond ; that if an accidental ahiioHnal 
Irond, or portion of a frond he fertile, it is not impossible to reproduce from Its 
spores plants haring fronds in imitation of the accidental abnormal fofm. 

If by cultural means we can induce the growth of singular fronds, we are voiy 
likely to perpetuate the variation of form from the spores. By removing tlie 
drainage from the roots of plants that had completed their autumnal grotvtn and 
inducing an unnatural and sickly condition for several months, and only repotting 
and giving a generous treatment when the fronds Ivere almost ready tu unfold, this 
caused them to produce abnormal fronds in both the British and exotic species. 

.‘Ird, Oui* knowledge of the reproductive organs of ferns is obscure, and it has 
been Sttid that the fern Asplentum mitrodon is a hybrid between AspUniufn marinum 
and Aspkniuin lanceolatwuy that Ldsirea remota is a hybrid between Lanirm spinu- 
losa £tnd Lastrea JilLr-rnas, and perhaps that AsplcniuiH r/crmafttdnm is A hybrid 
between Asplenium septentHonale and Aspletiinm ruta-murjaria. NoW it does hot 
appear that these ferns have el er been reproduced from their spores and therefore 
(if we may accept these as hybrids) that hybrids of species are unproductive, whereas 
the varieties raised from a species can readily be reproduced by spores. 

On some Points in the Anatomy of the Thysamira, 

By Sir J. Lubbock, BarL, FJLS., Pres, Ent, Boo, ^c. 

The author remarked that the Thysamira, though extremely numerous, and ih 
many cases very pretty little cteatures, had attracted but little attention, owinjf, 
perhaps, to iheir great delicacy and the Consequent difficulty of preserving them in 
a satisfactory condition. Under any decaying log of Wood, under dattip leaves^ in 
long grass, in short, in almost any damp situation, the Thysanura form no small pro- 
portion of the population. Like othtn* inserts, they have six legs, but they never 
acquire wings* The tail is ^iierally provided with tWo long appendages, Wltieh 
are bent forward under the body, and thus form a spring, by means of which the 
animal is enabled to jump with greet activity. A Bmpithnrmy for instance, mea- 
suring one-tenth of an inch in diameter, will easily jump up twelrO inches in the 
air. This, however, is dtte mainly, not to muscular power, but to the elaetieiiy of 


IL In Proceedinto of Bqyal Sooieiy of Edinburgh, vol. iv. p. It 4 , ^^hpSrinegottk and 
Pycnidia of the Bi^er IiiCnens.” 

III . In Tfansactiofis of Linnean Society of London, tol. lit. p. 493 , “ Ke# jfieataftd 
Lichens.’* 

IV. tn Journal of linnean Society of London, fol. ii. p. 300, Afihania 

V. In Quarterly Joumil of Microiedpicid Srionee, Iw, 
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the spring. The muscles draw the spring forward and bring it under a small latch 
or catch ; directly this is relaxed, the elasticity of the organ jerks the spring back, 
and throws the creature upwards and forwards. The author described in detail 
the muscles by which the spring is moved. Another remai'kable peculiarity, and 
in the author’s opinion the special characteristic of the Thysanura, is the presence, 
on the tirst abdominal ring, of a process which acts as a sucker in the Poduridfe, 
and in Smynthurm gives rise to two long filaments which serve the same purpose. 
The author described the arrangements of the muscles by which this curious appa- 
ratus is moved. He then descrioed the digestive and respiratory organs j and after 
pointing out that Smynthurus and Tamrxmy though very nearly allied in external 
character, differ entirely in their method of resp^ation, the latter genus being almost 
or entirely deficient in tracheae, he proposed, therefore, to form for it a new family, 
which he proposed to call Papiriidae. 

Remarlcs on Mr, J, G, Jeffreys^ s Collection of Hebridean Annelids, 

By Dr. MHntosh. 

The total number of species amounts to fiftv j though this is not a large collec- 
tion, many of the species are very rare. Of the forms for the first time noted in 
Britain are Ltstmatonice JUicornis^ Kinberg (and this he believed to be the same as 
Dr. Baird’s i. Kinherqi), Bra^xilla prceicrmissay Malmgren, Bhodine Lov6nij Mgrn., 
Anwhicteis Gtmneri^ Sars, and Hetei'onereis fucicolay CErsted. 

Those at present considered new are a second species of AmphktetSy a pecu- 
liar Lumbrtnerets with eyes, a foim allied to Tramsiay but furnished with forked 
bristles, a Trophmiiay and an Idalia. 

Report on the Invertebrate Marine Fauna and Fishes of St, Andrews, 

By Dr. MHntosh. 

The richness of the coast-line at St. Andrews in marine animals was pointed out — 
a state in some measure due to the varied habitat afforded by a smooth sandy beach 
and a rocky border, with a large surface of tidal rocks. Its proximity to fertile co- 
ralline ground and the haunt of many deep-sea rarities, which are tossed on shore 
by storms or procured from the stomachs of fishes, all combine to render it a most 
interesting field for the zoologist. Lists of species in the various departments were 
given, ana the most remarkable forms alluded to, such as Sayifta hipunctata, Mol^ 
gtda arenosa, and Pelonaia corx'vgata. The Mollusca number 170 species. 

On the Annelids of St, Andrews, By Dr. MTntosh. 

The list of Turbellaria, Teretularia, and Annelida consists of 104 species, and 
besides there are 6 Gephyrea. 

One of the Turbellaria is new to Britain, viz. Vortex capitatUy (Ersted : one of 
the Teretularia is also new, viz. a Borlasia, from deep water. He mentioned that he 
had observed no structural difference between Cephalothrix rujifrons and C. fiUformts, 
and none between Ommatoplea alba and O. rosea. The only Borlasid*'' purpurea ^ 
Johnst, met with in Britain is an Ommatoplean worm, which differs totally in 
structure from a true Borlasian. 

Amongst the Annelids new to Britain are Halosydna gelatinosay Sara (Alentia 
qdatinosa^ Malmgren), and Nereis virensy Sars {Alitta virensy Malmgren), by far the 
Wgest British marine worm yet encountered. Nereis Sarsiiy Eathke, a distinct 
species, has been confounded with N, brevimanuy Johnst, and consequently has not 
been previously mentioned as British. The Syllts armtUaris of Dr. Johnston in- 
cludes two species, one of which abounds under stones between tide-marks, whereas 
the second comes only from deep water. Other additions to the British fauna 
are Castalia punctata, Crated, NotopMlum polynoides, (Ersted, JPhyUodoce green^ 
landioa, (Ersted, Fumida smguinea^ (Ersted, Meone pttsiHa, (Erated, Ammocharcs 
Ottonis, Grube (probably the Ops diyitata of Dr. Carrington), and a Leiocephalm, 
The Terebella Justus of Dalyell is not T. constrictor , Montagu, but a distinct species 
vrith 24 pairs of bristle bundles, whereas T, consttictor has only 17 pairs. Fhyselia 
wostericcia, CErsted {Nicdlm tostericola, Malmgren), is common. 
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The new species comprise a LumbrinereU and a boldy marked brown AtUolytm* 
Other interesting though not new species are Harmothoe Malmgrmiy E. R. 
Lankester^ Nychia cirrosa^ Pallas, Sigalion boa and Mathilda, Dodecaoeria concha- 
rum, Sabella viridis, ScaUbregma it^atum, and Mcea mirabUis, 


Dr. McIntosh exhibited some very beautiful drawings of Worms to be published 
by the Ray Society. 

Sur les Maeines Airlferes ou Vessies Natatolres, la synonymic et la disirihviion 
giographiqm de quelques especes aquatiques du genre Jussicea, Par Charles 
Mabtess, Professeur et Directeur du Jardin des Plantes de Montpdlier*, 

On PoUiniferous Ovvdes in a Rose. By Dr. M. T. Masters. 

In this paper a general review of the principal malformations to which the 
ovule is subject was given, together with the details of a case wherein the ovules 
in a rose (Icosa arvensisi) presented in some degree the structure and functions of 
the anther, there being present not only perfect pollen-grains^ but fibrous cells 
such as are usually met with in the anther. A somewhat similar case has been 
recorded in a passion-flower by Mr. James Salter in the ‘Linnean Transactions.’ 


Notice of Dredging by the late H. P. C. Moller, off Fair Isle, between Orkney 
and Shetland. By 0. A. L. Morch, of Copenhagen. (^Communicated by 
J. Gwyn Jeffreys, F.E.S.) 

Ilans Peter Christian Moller, the author of * Index Molluscorum Groenlandia?,’ 
was born at Elsinore on the 2nd of November 1810. When he had finished his 
academical studies his love for conchology took him to South Greenland, the mol- 
lusca of which he investigated in company with Captain Ilolboll from May 1838 
to August 1840. After his return to Denmark, he spent several years there in con- 
chologizing and dredging. In April 1843 he made a second voyage to the arctic 
seas as inspector for the Danish colonies in North Greenland. On his return home 
in 1844 he went to ItaW for his health ; but, being seized with a fever at Rome, 
he died on the 11th of October 1845, at the early age of thirty-five. All his col- 
lections were presented by his father, Dr. T. Moller, to the University Museum at 
Cc^nhagen. 

During his voyage to Greenland in 1843 he made some hauls with the dredge at 
Fair Isle (which he called Fairliill, in accordance with an old Danish chart) j and 
the result may be of some interest to British conchologists. 

The following is a translation of an extract from a letter of his, dated Egedes- 
minde, 6th September 1843 : — I liad’several times during the voyage opportunities 
of using my dredge, first in the Cattegat, then between Lindesnes and the Skag, 
and close to the coast of Norway. On the 19th of May we sighted Fairhill, and 
the same day Siimburgh Head, where we lay nearly two days dredging, with a calm 
sea and a beautiful sky. Although the bottom here is exceedingly uneven, and 1 
was in continual fear of losing my dredge, I used my time we’l, and was fortunate 
enough not to have any such loss. About two milest due east of Fairhill, in sixty 
fathoms, a haul yielded clear shell-sand, with Cardium echinatum, Cyprina 
Idandica, and numerous small dead shells. About half a mile nearer fW^hill 
another haul at about the same depth yielded fine shell-sand, with single valves of 
Mactra, Venus, &c. I got four large vessels full of clay and gravel, which gave me 
constant work until I arrived at Cape F^well. There were many interesting 
species; but most of the specimens were injured, I suppose in consequence of the 
stormy seas which are prevalent in that part,” 

Moller had himself labelled most of the specimens Fairhill f so that there can- 
not be any doubt in respect of the locality where he procured the species enume- 
rated in the following list Those species to which an asterisk is prefixed were in 
a l^x of shell-sand marked Fairhill.” Some of the ^cies have oeen detennined 
and named by Mr. Jefl&eys, and have the letter (J.) amxed to them. 

^ See Appendix. t The Danish mile is equal to nearly 4{ English mOei.'—J. Q, J. 
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ANDROGYNA. 


1. OyUehm e^Undraem* 8. O. ( Tornatina) 8. Atjfs CraneMi. 4. 

Aotam tomatilM, ^o, Odosiomia turrita (J.). *Q. O. acuta (J.). O. diapkana 
'J.). 8. O, spiralis. 0. O. aeimUa^ var. vetdrieoaa (J.)* JEuUma bUimata (J.). 
ll. Scala Trevelyana, 12. 8. clathratula. ♦IS. Heterofmus Fleminyii. 14. H. 

DTOICA, Latr. 




T^NIOaLOSSATA. 

Ifif. Mmoapa^na. 16. Ji. (Anaha) striata. 17. R. sohda (JT.). 18. JR. (Alvania) 
pumtufa, J.9. Iti rdicidata ?6- -72. (Almnia) Zetfan^ff. 31. eitr^icoides 

(J.), Cyclostrf}^na se)puJoide9 (J.). 36. TumUPa unyulim aftd vaf. ^a. 24. 
Cerithkm metula. 25. V. adverstim. 26. AporrJiaispes pelecani. 27. Tnchotropis 
acuminatm. 28. Trivia mropma. 29. Caputm unganciis. 8Q. Jfatica (J-)* 

31. Velutina heliotoidee. 

Rhac^iglossata. 

32. Fums {Kepiuma) nniiquus, var. mlcaia. 68. F. (Sipjid) gracilis. 34. TVi/o- 
nium undaiunij and var. /3 eilfatumy Sow. 111. Ijid. 36. Nassa infyrassata. 36. Buct 
cinopsh ovum. 37. Cohmhella nana (J.). 88. Plmrotoma costata (J.). 30. P. turri- 
cula, 40. Defrancia linefirh (J.). 41. D. terps (J.). 42. Tvophon h'uncatm (J.). 


EXOCKPRALA, Latr. 

♦ 43 . Cyclostrenxa niic^is *44- Trophus occidentalis. 45. T. tdzypJiinuS’ 46. 
T. miUrgramts (J.). 47. T. tumidm. 48. ^smrella crispafa. 49. Fmarginppi re- 
ticulata. 60. Chiton cinereus. *51. Dentalium entalky young. 


aci:phala. 

58. Bolen peUucidus. 5^. Psammohia ferroemis. 5i. Tellina pvsilla. 55. Maco^na 
caloarea. An exceedingly line specimen, nearly 38 in. long, 29 in. lat. The epider- 
mis, ligament, and hinge-teeth are quite pei’fect. The inside shows traces of soft 
mud { so that the specimen was probably not taken alive, although it could not have 
been long deadt* l*he description given by Chemnitz of TeVina calcarea ggrees 
perfectly with this shell j but a species of Thracia (probably T. truncaid) was in- 
gdvertently engraved in the plate. 66. Ahra pi'ismatica. 67. Mactra soUday var. 
elUptica (J!). 68. Venus casina 69. V. ovata. 60. V. fasciaia^ young (J.). 61. Pidr 
lastra mrago, 62. GoodaUia triangularis. 63. Astarte danmoniensts. 64. Oyprina 
Islandiea. 66. Lucina borealis. 06. Thyatira Jlcvuosa. 67. Mmxtacuta mbstriatay on 
Spatangus ptopureus. ♦(>8. Kellia suborbicnlaris. 69. Cardium echinatum. 70. C. 
fasciatum (J.). 71. Baxicava rugosa. 72. Area tetragona. 73. Pectuncnlm glyci- 

meris. 74. Nncula tenuis. 76. Oi'cnella decussata. 76. Modiolaria discors. 77. M. 
nigra. 78. Modioln umbilicatat I*enn. (M. modiolus. L.,is an East-Indian species^. 
70. M. phaseolina. 80. IWten pmio (J.). 81. P. opercularis. 82. JLiima Loscomlni. 
83. Jm subatmculata. 84. X. elliptica (J.). 86. Anomia squanmla. 


EGIlINODJilRMATA. 

Fragments of a species of Antedou. 

BnvoaoA. 

(Named by Dr. P. A. Smith.) 

1. Xtwo/m Johnst. (X. Jaquenoiianay And.). 2. X. nliatay L. 8. 

laviSf Mem. 4. X. oralis, llassall (= coccima, Abildg.). 6. X. Malndi, Aud. 
0. Celkporai*ia farntdosa, L. All the above are on Petms casina. 7» Leprradia 
Jolmst., var. coecima. 8. Membranipora iri folium, Wood. 9. IT. PouiUeti, 
Aid. iLem^aUa Maiucii, Aud.). 10, OeUepora tuhiger, Busk. All these are on iVc- 
tmeidm fiyoimeris. 


On the future Administration of the Natural-History Collections of the 
British Museum. By Akdijjsw Murray, B - HB ' 

TJjn ggtfior ppi|si4e?,’e4 thgt the gnnouncemegt of the OhanceUoir of Exchequer, 
that he would, early in iko ngxt session of Pgrliainent, submit a spheme for ilie sepa- 
ration pf the Natufal-Hietoyy collections of the British Museum tl^e Libimy 
t Query ? (See Tntr. to * British Conchology/ vol. i. pp. xciv-xcvi.) — J. 0. J, 
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and other colleatiDns, as so likely to fee carried hito eff0ct, thsi: the ^*opdr time had 
arrived for pra^Jii^ on Gover»ioent the neceasily of some chaOfSe in the adminis- 
tratiop of that institiitiop. The most important of these changes was the transfer 
of the control of the Museum from the Board of Trustees to a single officer appdnted 
^ Government and amenable to Parliament. While admitting the good which the 
Trustees had done, and that their intentions had always been to benefit the institu* 
tion, be maintained that the constitution of the Board, composed of men who, with 
one or two exceptions^ felt no interest in natural history^ rendered it impossible that 
they could do it justice. They naturally handed over their power to their chief 
officers, who were thus invested with power without responsibility and beyond 
appeal 5 and although the public had great reason to be satisfied with the ser^ces 
of these officers, there were points on which difference of opinion existed which 
should not thus be placed beyond the reach of effectual remonstrance. The Boaid« 
from the same causes, were slow to alter the existing order of things, or to mak© 
the necessary alterations required by change of circumstances ana times. He 
gave the following illustration of this phase of their rule : — When the Museum 
was young and within manageable bounds, it was placed under pne or two 
bead curators, minerals and fossils under one head, and zoology under another, 
Each of these heads was allowed an assistant, and it was nWe a rule that 
these assistants should not be above thirty years of age, the idea being 
that they should be a sort of apprentices, who should begin young, and, on their 
respective superior’s decease or retirement, be ready to take his place. This rule 
in itself was not a bad one. It secured always onh good man and one learning te 
become a good man. If the superior officer died before his assistant was qualified 
to succeed him, it was not essential that the assistant should be put into his place j 
and as the regulation as to age applied onlf/ to assHanU^ it was no barrier m thp 
way of putting an older man in the upper place. But os the collection grew, it 
was found that more heads were wanted, and then came the error. Instead of 
appointing new heads coequal with the previous heads for each department the 
number of assistant curators was increased, and one set apart to each diwen^ 
department, so that each department had, and has now, only one man to it, If any 
of them die or retire, there is no peTson to take their work ; and being nomipally 
assistant curatoys, although practically head ciimtors, no one can be appointed 
their place who is above thirty years of age — in other woixls, no one wtio know© 
his business j for the study of the Natural Sciences is so vast that to couBtitute 
youth in such appointments a sine qnd is really to say that the candidate 
be appointed before he has acquired them, and before he has shovm any power of 
acquiring them. The British Museum has thus the unenviable distinction of beiugtiui 
sole place in the whole world where ignorance of a man’s duties is not only no impedi- 
ment to his appointment but a qualification — nay,notonly a qualification,* but actually 
a sine qua non. Had the Trustees seen the working of this, they would, instead of ap- 
pointing assistant curators, have appointed head curators, with such assistant euratois 
as were necessary. And then for each depai-tment requiring it we should have had 
two officers— one a competent, experienced man of position and weight in the 
scieuti^ world, the other a young assistant, to whose charge ignmranco of his 
duties could not be laid^ seeing that his duties were to learn, not to teach. The 
author considered it plain that we must come back to this original arrangomeut, 
These so-called assistaut cuyators, who have long adminateyed their respectiTO 
departments with orodit tp themselves and the Museum, must he recognised as 
head curators, and assistant curators, propeyW so called^ supplied to them j while 
head curators, selected from the best ranks of men of science, should be appointed 
to those other departments which require them. The author pointed out^Some cff 
the defects and inequalities in the arrangement of the materials in the Museum — 
more especially in the Invertebrate. Arf immense deal had teen done In procuring 
materials, but froin want of hands the peatest part of it was practicallv useless to 
men of science. He ronridered that what was now wanted was l^ss of the acqui- 
sition of novelties than the utilisation of those which the kfnaeum alrtiidy POa»* 
sessed ; and be pressed the importance of establishing, to a much pfKeateir 
has hitherto been done, tiie system of exchange of auplicates with olher mwimia 
and individuals which has been found so vahwle by other Inetitotioiif, 
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On the Nature and Systematic Position of the Oraptolitidce. 

By Henry Alleyne Nicholson, J),Sc,, M,B,, KGB. 

The author of this pape^ after reviewing the various theories which have been 
held as to the nature and affinities of the Graptolitidae, endeavoured to show that 
they should be referred to the Hydrozoa — a view which he believed was supported 
by their morphology, development, and rem*oduction, by their mode of existence, 
and bv the determination of allied forms. The common canal ’’ of the Graptolite 
was shown to be strictly analogous to the ccenosarc ’’ of the Hydrozoa, no similar 
structure existing in any Bryozoon, whilst the cellules found their nearest re- 
presentative in the hydrothecm ” of the Serfcularians. It was further pointed 
out that there existed, in several species of the genera Bichograpsus^ Tetra^ 
grapsus. and JOiplograpsusj an organ which had been compared with the basal 
plate of Defrancia, a Bryozoon, by Prof. Huxley, but which was more probably 
homologous with the float ’’ or pneumatopliore ” of the PhysophoridsD, an 
order of the oceanic Hydrozoa. 

As regards their reproduction the author drew attention to the bodies first de- 
scribed by Hall in America and by himself in Britain, and considered to be the 
ovarian capsules ” of Graptolites. He pointed out, further, the resemblance of 
these to the gonophores ” of the recent Hydrozoa, both in their shape, and as 
regarded the changes through which they were observed to pass. 

VVith regard to the mode of existence of the Graptolitidae, it was shown that by 
far the majority must have been free and permanently unattached — a fact highly 
adverse to the oelief that they belonged to the Polyzoa. 

Lastly, the author noticed the occurrence of a form, originally described by him- 
self under the name of Corytioide» calicidarisy closely allied to the true Graptolites, 
but apparently representing the order Corynidfe (or Tubularidae). 

In conclusion, the author stated it as his belief that the Graptolitidse could not be 
referred to any existing order, or even subclass, of the Hvdrozoa, but that they 
stood in the same relation to existing forms that the Trilo bites hold to the recent 
Crustacea. In their mode of growth, in the arrangement of their parts, and in the 
nature of their structural elements they were seen to resemble the Ilydroid polypes ; 
but they were widely separated bj their free hydrosoma.’’ On the other hand, 
they approximated to the oceanic Hydrozoa in the fact that they were free- 
floating organisms, and in the possession, by some forms, of an organ resembling a 
float.’’ On the whole the author was of opinion that the Graptolitidae should be 
held to constitute a new subclass intermediate in position between the fixed and 
the oceanic Hydrozoa, and that they might possibly, on the derivative theory of 
development, be looked upon as the primitive stock from which the above existing 
sections of our living Hydrozoa had originally diverged. 


On the Fructification of Griffithsia corallina, found In the West Vbe, Out- 
skerries, Shetland, By C. W. Peach. 

In May 1864, when in Shetland with Mr. J. G. Jeffreys on a dredging excur- 
sion, Miss Jeffreys found some fine specimens of Griffithsia corallina, which, on 
examination, the author found in fruit and in fine condition. Under the micro- 
scope he observed a circular opening in the lower part of the joint above the fruit 
(tetraspores), from which opening the granular pulp of the joint was poured on 
the fruit under it. Harvey, in his introduction to his ^ British Marine Algae,’ gives 
a long account of the fructification ; but there is nothing in it that fully agrees with 
the above. 


On Naked-eyed Medusm found at Peterhead and Wick, N.B., and other Bri- 
tish Localities, By C. W. Peach. 

The author first stated that during his residence in Edinburgh he had opportuni- 
ties of examining books not before accessible to him; by these he found tW many 
of the naked-eyed medusas that he had found were new to the British list. He then 
described one he got in Cornwall in 1849, which he thought was Wilisia std- 
hia of Forbe^ but after careful examination, and comparing it with others, is 
satisfied that it is a new spedes, and has named it WUma Comuhka ; it has only 
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twelve tentacles. His next new one is a Timay wliicli lie has named Tima F^rheniy 
in memory of the late Professor E. Forbes ; the principal difference between it 
and Titna BairdU is that instead of having only sixteen tentacles, in it they are 
numerous. Several others came in for their share of notice, and then he mentioned 
Goodsireamirahilis, a new genus founded by Dr. T. Strothill^Wright, and published 
by him in the second volume of the Transactions of the Royal Physical Society 
of Edinburgh. The author got this speicmen at Peterhead in 18ol. lie fully con- 
firmed Dr. Wright’s observations, ana added that some of his specimens had two 
additional, but shorter tentacles than Dr. Wright’s ; he thought this only a sexual 
difference. Pie then described what he considered the most curious of all he had 
seen, a new genus {Staurophora) to the British shores, and the largest naked-eyed 
Medusa hitherto noticed in our seas. It was first found in the Pacific by Mertens 
when on a voyage round the world ; since found by Agassiz in Boston Bay, America, 
in 1849, and was described by him in a paper entitled ** Contributions to the Na- 
tural Ilistory of the Acalephce of North America.” The umbrella is crossed by 
four gastrovascular canals ; from each of them hang two curtain-like masses ; and, 
to appearance, it has neither mouth nor stomach. Jlowe\ er, by parting the curtains 
both are to be seen. lie described it at great length, and stated that ho got it off 
Peterhead several times in 1851, and that it gi*ew from J in. in breadth to in. in 
breadth between May and June. He has named it Staurophora Keithiiy to mark 
his respect for the founder of Marischal College, Aberdeen, it having been first 
found near Keith Inch, Peterhead, once the property of the unfortunate house of 
Keith. 


On the Zooloyicitl Aspects of the Groiise-dtsease. 

By the Rev. H. B. Ticistkam, M.A.y FJi.S. 

The rapid extension and epidemic character of the grouse -disease was attributed 
in great measure to the indiscriminate slaughter of predatory animals. These, it 
was true, destroyed game, but it was only the weakest and the most diseased ani- 
mals that they could make a prey of in this wav disease was stamped out, as 
had been artificially done with the cattle plague. lie commented severely on the 
encouragement given by landed proprietors to the destruction of wild animals, 
complaining that upon this question gaine-preser\ ers were more open to be in- 
fluenced by ignorant gamekeepers tlian by naturalists. The grouse-disease had 
existed sporadically for at least two years before it was generally noticed. 

0)1 Birds^ Nests and their Plumaye ; or the llel(ttio)i hetweoi Sexual D!f- 
fcrences of Colour and the Mode of Nklification i)i Birds, By Alfred R. 
Wallace, F.K.G.S., F.L.S. 

The author pointed out the hitherto unnoticed fict, that whenever female birds 
resembled the males in being adorned with gay and conspicuous colours, their nests 
were so placed or so constructed as to conceal the sitting bird. lie showed that 
this generalization was supported by a \ast number of facts in all the chief groups 
of birds, while the exceptions were few and unimportant, and concluded by point- 
ing out its correspondence with the general principle of protection in modifying 
colour, and by arguing that the whole of the phenomena could be well explamed 
on the theory of tne preservation of useful variations. 


Anatomy and PiiYsioLoar. 

On Protagon in relation to the Molecular Theory of Organization, 

By Prof. Hughes Bennett, M.D,, F,R,S,E., of Edinburgh, 

The author pointed out that the progress of scientific discovery tended 8in^<4 
larly to confirm the truth of the moleculai* theory of organization, which he had 
first laid before the iVssociation at its Meeting in Cilasgow twelve years ago*. The 
♦ Report of the British Association, 1855, p. U9, 
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formation of a substance, njimed protagon, from the oleq-albuminous matti^r pf the 
egg, by the action of alcohol, had recently been show by Dr. Montgomej^ tP be 
capable of enabling w to mahe out of its substance, artificially, on a gls 38 slide, 
most qf the elementary textures of animal bodies. The author had repeated Dr, 
Idontgomery’s experiments with protagon, and placed upon thp table a large num- 
ber of preparations, exhibiting organic fornis and textures thus constructed, Ifo 
regretted that neither the tipie nor the arrangements of the Section were of a kind 
which would enable the histologiste present to examine them. He had displayed 
one preparation under the micrpacope, however, which he believed to be uniq^ue, 
as it deippi^trated that molecules possessed in themselves the power of arranging 
themselyes into nucleated cell-forms, without any previous cell-formations. 

The first step in the line of discovery which indicated the physical conditions 
necessary for the formation of animal and vital textures was, in his opinion, made 
hy Ascherson in 1840, who showed how the mere contact of oil and albumen 

S reduced a molecular membrane called haptogen membrane. The second step was 
be determination by Dainey of the influence of viscidity and limpidity in liquids, 
causing in them the precipitation of globular and crystalline forms. A third 
step cpnsisted in demonstrating the difficulty with whicn these viscous or colloid 
substances pass through membranes, as compared with liquids, for which we are 
iudehted to the researches of Graham. A fourth step he considered w^ the de- 
monstration that the diaphanous or hyaline bodies, so long known to histqlogists, 
consisted of a glutinous substance formed in cells, which could he squeezed out of 
them hy pressure, as lately shown by the author Lastly, the experiments with 
protagon hy Montgomery t had shown that this peculiar viscous material, when 
mingled with water, albumen, glycerine, serum, or other substances, and acted 
upon by acetic or nitric acids, could be made to assume the form of fibres, vari- 
cose tubes, nucleated cells (simple and compound), pus-corpuscles, and bodies 
which, like salivary cells, exhibited numerous granules in their interior, possessing 
active molecular movements. All these researches tended to clear up the nature 
of a multitude of facts, long known to histologists, to several of which Dr. Bennett 
referred, and which had led him to the follov^ng conclusions ; — 

1.^ That our present knowledge of the physical conditions necessary for the for- 
mation of elementary structures indicates the vast importance of studying the 
relations, chemical, mechanical, and structural, of the fatty, albuminous, and 
mineral constituents of the pnimal frame. 

2. That the constant formative and disintegrative processes occurring among 
these constituents is laigely due to chemical and mechanical action, especially 
pressure and friction. 

8. That the differentiation between these elements is also attributable to the 

a sical properties of viscidity and limpidity, the former tepding to produce glo- 
ir, and the latter linear or crystalline forms. 

4. That these viscous and limpid fluids exist in the living body, are eonstantly 
influenced hy mixture, pressure, mid ondosmose, and may frequently be seen, espe- 
cially in morbid products, to originate formation hy molecular deposition, and so- 
called nuclei, cells, and fibres by molecular aggregation. 

6, Yhat these facts throw great light upon the circumstances necessary for the 
production of elementary structures, but leave our conception of vital properties 
and of vital tendencies pretty much as it was, viz. unknown powers inherent in 
the tissues generally, determining their development and regulating their action. 

JNew Investifjfations to determine the Amount of HiJe secreted h?/ the TAver, and 
how far this is influenced by Mercurials. By Prof. Hugiies Bennett, M.JD.. 
F.R.S,E. 

* ^^bor stated that, although much had been written regarding the func- 
tions of the liver, and the action upon it of mercurials, very little exact informa- 
tion existed on the subject. Last winter a Committee had been formed in Edin- 
burgh to reinvestigate the amount of bile secreted in health, and how fau? such,, 
* Journal of Anatomy and Physiology, 1867, p. 322. 
t On the Formation of so-called Cells &c. London, Ohupohill, 1867. 
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secretion waa influenced by mercury. It was con^posed of Profs. Christison and 
Maclagan, of the Edinbui^n University, Dr, Janies Rogers, formerly of St. Peters- 
biirgh, Drs. Rutherford, Gamgee, and Fraser, Assistants in the Edinburgh Univer- 
sity, and of Prof. Bennett, the Chairman and Reporter, 

After studying all that had been previously published by authors (an able 
Report on which had been furnished by Dr. Rogers), the Committee first took into 
consideration what method it was best for them to pursue. It was then point^ 
out by Dr. Gamgee that, in the opinion of modem chemists, no kind of examination 
of the feeces could yield trustworthy results. Supposing that the chief and cha- 
racteristic constituents of the bile found their way into the faaces unchanged, im- 

J ierfections in the analytical methods at our disposal rendered its miantitative ana- 
ysis impossible. The plan of ascertaining the amount of bile-acids indirecHy by 
means of nitrogen and sulphur determinations of the alcoholic extract, while most 
unsatisfactory in the case of pure bile, is still more so when applied to the alcoholic 
extract of faeces. The method of Hoppe-Seyler of Tubingen, who calculated the 
amount of bile-acids from the effect which their solutions exert upon a ray of 
polarized light, presents such complexity and difficulty as to render its systematic 
employment in any series of analyses altogether inapplicable. As to the colouring- 
matters of bile, there is no direct method known by which they can be estimated. 
It was further argued that, did we even possess means of estimating the bile pro- 
ducts, it is only a small portion of such as are secreted by the liver which con be 
found in the anine disciiarges. Bidder and Schmidt ascertained that the amount 
of unoxidized sulphur in them only represented one-eighth part of the total sulphur 
which the liver secretes, and that of the other constituents of the bile the larger 
proportion are absorbed. That under the influence of purgatives unchanged bile is 
occasionally discharged from the bowel, is true, but this nimishes no proof of any 
increase of that secretion ; for under ordinarj'^ circumstances it is decomposed and 
absorbed in the alimentary canal, and any cause which increases the rapidity of 
its passage there must render absorption and decomposition less complete. Those 
arguments convinced the Committee that no accurate information as to the 
amount of bile secreted by the liver was to be obtained by an examination of the 
froces. They therefore resolved that the collection of bile directly through arti- 
ficial flstulcTO made with the gall-bladder was the only means open to them of de- 
termining how far mercury influenced that secretion. 

Prof. Bennett then desenbed the efforts made to establisli fistnlro in fourteen dogs, 
and the apparatus which had been constructed to collect the biltj and prevent its 
being disturbed by the animal. The investigations were carefully conducted by 
Dr. W. Rutherford and Dr. Gamgee, occasionally assisted by Dr. I raser, and super- 
intended by the Committee. He ga-ve, in a tabular form, the results of four series 
of experiments to determine the amount of bile secreted without and with mer*^ 
cury. It was soon obser^ ed that the amount of bile obtained varied greatly ftoni 
day to day, irrespective of the amoimt of food and drink given, or any other known 
circumstance. This pointed out a serious fallacy in the observations of previonn 
experimenters, who had been satisfied with estimating the amount of bile formed 
by collecting it for a few hours, or at most for one or two days. In each series of 
experiments, an average of the collections was taken for six entire days, first with- 
out and then with mercury, and the quantities obtained were calculated so as to 
determine the amount of bile as compared with each kilogramme of the dog’s weight 
and each kilogramme of the dog’s food. In many important respects tne results 
obtained differed from those of pre\ ious investigators. It is unnecessary to repro- 
duce the tables and observations made in this ^stract, because it was pointed out 
that further researches were required before so difficult and intricate a subject 
could be sufficiently investigated to warrant the formation of conclusions. All 
that need be stated at present is, that in the experiments hitherto made, mepcury 
had not caused any sensible effects either upon the biliary or urinary secretions. 
The author concluded by observing that, should the Section consider’the researches 
of the Committee so far deserving of encouragement as to he assisted by a small 
grant from the funds of the Association, he hoped to he enabled to report more 
definite results next year. 
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On the Epithelium of the Cornea of the Ox in relation to the Growth of Stra- 
tified Epithelium, By Professor Clelanb, M.D, 

In this communication evidence was brought forward to show that in the epithe- 
lium of the cornea the cells of the deepest stratum, which are columnar, degenerate 
and disappear without becoming more superhciaL It was pointed out that next to 
these columnar cells were others of greater breadth sending in processes between 
them^ and that supei*ficial to these were small cells, many of them with two nuclei, 
and likewise many free nuclei, and that beyond this stratum the cells became gra- 
dually larger, flatter, and more solid the nearer they were to the free surface. In con- 
clusion it was pointed out tliat although the circumstances of nutrition in the case 
of the corneal epithelium were too singular to permit our safely assuming that other 
stratified epithelifi in the same manner, yet the facts brought forward were 
sufficient to show that in th(‘S(‘ structures tlie deepest cells were not necessarily the 
youngest, and that cells might be removed from them by other means besides pass- 
ing to the surface. 

On some Points connected with the Joints and Liyaments of the Hand, 

By Professor Clelanb, M,1), 

The following were the principal points brought forward : — 

In flexion and extension of the wrist the semilunar bone slides backwards and 
forwards between the scaphoid and cuneiform ; and in over-extension of the wrist 
it is supported by two ligaments, which descend and converge to be attached on 
its palmar surface, precisely according to the principle by means of which the 
sacrum is suspended between the haunch-boncs. 

In the metacarpo-phalangeal articulations lateral movement is prevented in 
flexion while it is allowed in extension, by the lateral ligaments taking origin from 
points nearer the extremity than the front of the metacarpal bone, and by the distal 
ends of the metacarpal bones being much broader in front than behind, so that the 
lateral ligaments are stretched o\ or the broad part inflexion. The aiTangement 
gives strength in grasping. 

Strong ligaments, hitherto undescribed, extend from the sides of the phalanges 
near the phalangeal articulations, and are inserted into the skin, helping to retain the 
diflerent parts of the integiunent in the positions which they ai*e adapted to occupy. 

Microscopical Preparation of the Nerves of the Cornea, 

By Professor Clelakd, M,L), 

This preparation, which consisted of a considerable portion of the superficial 
lay ers of the coraea of a sheep, exhibited a perfect network continued from nerves 
all of which entered at the periphery. The cords of the network, although placed 
at slightly vniying levels, united to form a single stratum ; they appeared to con- 
sist each of several fibres. No terminations of neiwes could be seen, nor any fibres 
given off from the network, either to the surface or deep parts of the cornea. 


On a new form of Cephcdopodous Ova, By Dr. Colling wood, M,A,^ F,L,S. 

This paper was a description, accompanied by drawings, of a remarkable body, 
found in the North ^Vtlantic Ocean, consisting of a large number of ova imbedded 
in a transparent jelly resembling frog’s spawn, and floating freelj" in the sea. The 
ova proved, on examination, to be those of some species of Cephalopod, but dif- 
ferent in character from any other known form. The author compared it with the 
described forms deposited by Ociopusy Sepia, SepioteuthuSy LoliyOy &c., to none of 
which it bore anv resemblance ; and he exhibited microscopic drawings of the 
young Cephalopods in various stages of development. 


On the Influence of Atmospheric Air on Vital Action as tested hy the Air-pump, 
By John Davy, M,D,y F,R,S, 

In this paper the author described a certain number of experiments, the results 
of which showed how much longer^ some animals ai'e capable of resisting privation 
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of air than others. Thus, in one instance, an egg, an inchoate animal, so to speak^ 
was hatched, producing a healthy chicken, after having been acted on by the 
air-pump 26 days, — a young bird expiring in about half a minute, a fish, the 
minnow, in about an hour ; the frog and toad in about the same time ; the earth- 
worm in about an hour and a half ; insects, such as the bee, dragonfly, and but- 
terfly, after apparent death for more than an hour, recovering on exposure to the 
air, and that repeatedly. 

^ By other e^eriments on birds by means of submersion in water, he showed that 
different species varied greatly in ability to bear exclusion of air : thus, while all 
the small birds of which he had made trial expired under water in a minute or less, 
the buzzard lived about two minutes and a half ; the common fowl about four 
minutes and a half ; the goose and duck about ten minutes. 

Keasoning on the results, he infers that each individual animal has something 
peculiar in its organization, determining its peciilimities of function or action— 
peculiarities more readily described than accounted for. lie holds the subject to 
in a great measure, mysterious; nor is he sanguine, referring to the new and 
ingenious views relative to the genesis of species, that they will tend, except par- 
tially^, to enlighten the subject, considering that life itself is a mystery, and the 
origination of life, as regards natural science, an unsolved problem. 


On the Phenomena of Life ami Mind, /?// HomoiT Dunn. 


Vocal ami other Influences upon Manhiud , f rom Pemlevcj/ of the Epiglottis, 
By Geobgk Duncan Ginn, Jl/.ri., A/.D., LL.D, 

The author ga\e the results of liis examination with the laryngoscope of 4600 
healthy persons, of all ages, both sexes, and ’sarying positions of life, which showed 
that in 513 the epiglottis was found to be quite pendent, in place of a vertical 
position. He determined that this was hereditary in many instances, for it was 
found in the mother and her child. This made tlie percentage to be 11 amongst 
Europeans ; but it was found to be much greater in the natives of Asia and Africa, 
280 of whom he had examined. The influences obser\ed in Europeans were a 
modification of the natural voice, which tended towards a bass tone in adult 
males; the singing voice was materially altered, and in the female sex the higher 
notes could not be produced at all in some persons, whilst in others it weakened 
their vocal power and compass. Tlie author hnd ne\er known a great female 
singer to possess a pendent epiglottis. He contrasted tin* direction of the voice 
in cases of erect and pendent epiglottis ; in the lattcT the voice strikes the back of 
the throat, hehind, instead of in front of, tli(‘ soft palate. Young girls with pen- 
dency can never expect to become singers of any note unless it be remedied, and 
in them, and in boys too, the voice is not clear and silvery as it ought to be. Cer- 
tain constitutional peculiarities were also noticed, and there was a predisposition 
to contract the exanthemata and other diseases of an epichmiic nature. The author 
concluded by referring to the large number of pendencies in Britain, over 3,000,000, 
and the means to be taken to remedy it. 

Observations with the Spectroscope on Animal Substances, 

By E. 11 \Y LANKi>?Tr.K. 

By moans of dark bands produced in tlie prismatic spectuim (when light is 
transmitted through coloured solutions) it has been shown, by Hoppe-Seyler and 
by Prof. Stokes, of Cambridge, that various coloured bodies may be definitely re- 
cognized. Mr. Sorby has also made many obsen ations of vegetable colours, and 
invented a very convenient form of spectroscope. The author s obseiwations were 
made upon various coloured substances in the lower animals ; by this means be had 
detected cblorophyl in Hydra and the freshwater Spupyillaj which had before been 
suspected to be present, but of which there was no certaint}^ In vaiious worms 
{Eunice^ LumJmcuSy Hirudo^j in an insect-larva {Chironomus), and in a mollusk 
(Planorbts) he had found the same red substance (cruorine) discovered by Stokes 
in the blood of man and vertebratc^s. This w^as remarkable, since the red matter 
was deficient in nearly all moUusks and insects ; and, moreover, in vertebrates it was 
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oonoentraied into red corpuscles, which was not the cttse with invertebrates. A 
new green blood-colouring-matter was described by its specti’um, found in the 
blood of some annelids (Siphonostomd). A large number of orange, red, green, and 
yellow pigments were obtained in solution by ether, from marine SpongeSj Polyzoa, 
Crustacea, and other animals j but none of these had given definite absorption -bands 
by which they could be recognized and characterized. It appeared that mere pig- 
ments did not present the phenomenon, whilst other bodies not of a fatty nature 
did. It Was very desirable that further observations should be made with the 
spectroscope on animal substances. 

NouvelU comparaison des memhres pelviers et thoraciques chez VlIomm4, lea 

Mammiferes, les Oiseaux et tes lleptiles deduite de fa torsion de Vhumerus* 

Par Chables Maetins*. 

Life — its Nature, Origin, By P. Melville. 

Notes of Baperiments with Poisons ^c. on Young Balmon, By Dr. McIntosh. 

These experiments were performed in 1802 and 1803 on newly hatched fish, 
which, from their transparency, are very favourable subjects. The most numerous 
were those with Flem. tinct. of aconite, 'which at first caused symptoms of irrita- 
tion, with twitchings and considerable muscular movement. The heart’s action 
by-and-by became irregular, and then a remarkable tendency to more rapid 
motion of the auricle appeared, with a slowing of the ventricular action, and the 
latter became more marked as the paralysis of the muscles generally increased. 
Under the action of this poison some very interesting observations may be made on 
the heart’s action ; and from the non-rhythmical movements of the cavities, a 
halt was now and then caused by the contractions occurring at the same time. 
The general result was that the auricle contracted twice for each ventricular action. 
This condition was independent of the respiratory process. Other drugs experi- 
mented with were tinct. digitalis, creosote, sulphuric ether, chloric ether, mor- 
phia, chloroform, bleaching-powder, ammonia, &c. A few minims of a solution of 
bleaching-powder proved rapidly fatal ; and though the fish was placed under 
running water in a few minutes, and before motion ceased, it did nut recover. 
Muscular irritability and convulsive ino\ements continued for about a minute 
after the heart’s action had ceased under chloroform. Considerable vitality was 
exhibited when the fish was placed in sea- water, death ensuing slowly from cardiac 
congestion caused by the shrivelling of the superficial textures, and consequent 
shutting up of the blood-channels; and secondly, from a peculiar coagulation 
and hai’dening of the yelk-sac and the resulting interference with nutrition. The 
tentacles of an anemone ( Tealia crmsicornis) did not appear to exert a poisonous or 
paralyzing action, but the young fish died slowly from the physical injuries in- 
flicted by the dart-cells. Itegeneration of artificial wounds rapidly ensued, and 
when the tip of the tail was cut off some curious eflects wero observed in regard 
to the clot which formed at the tip of the artery. 

On the Adaptation of the Structure of the Shell of the Bird^s Eyg to the 
Function of Respiration, By Dr. G. Ogilvie. 

The principal object of this paper was to call attention to the constant occuiTence 
of a cavernous stratum on the interior of the shell of the egg, formed by a series of 
warty excrescences from the calcareous crust, and covered in by the lining mem- 
brane of the shell, which adheres so intimately to the points of the 4uberde8 that 
a fleecy film is always left when the membrane is tom off* from the inside of the 
shell, and in many cases can be removed only by burning it off* by ccdclnation, 
though the nature of the structure may be shown in other ways, as by sections and 
the use of aniline dyes, which tinge the fibrous tissue, with little or no effect on the 
shell proper. The penetration of the external air into the cavernous structure, 
t^*ough me overlying stratum of the calcareous crust, is facilitated by the pore-like 
pits on the outside of the shell, which, though in many cases they do not go directly 

^ See Appendix, 
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mucli 'fcjelow' the surface, yet may be shown, by the permeation of coloured M^uids) 
to famish an indirect Communication With the vacuities of the deep Iftyet, either 
by fissuies or cracks passing between them, or by the more pervious nathre of the 
intervening tract. This general arrangement or ah upper colhpact apd A ICWeT 
cavernous stratum has a certain analogy With the structure of the internal tisstie 
6f leaves, amoimting, indeed, in some cases to so close a resemblahCe that one 
might readily compare the shell of some chelonian reptiles to the parenchyma of h 
leaf which had undergone calcification ; and as in the egg-shell we have the pore- 
like pits on the outer surface to facilitate the permeation of the air to the subjacent 
stratum, so in floating leaves, which have their stomata on the upper epidermis, 
we generally have some arrangement to lessen the obstructive intiuence of the 
layer of compact tissue between them and the spongy parenchyma below. Of this 
perhaps we have the most striking example in the large tapering cells in the leaf of 
the White Water Lily, which, when exposed to the action of an aniline dye, become 
very conspicuous objects from the readiness with which they take in the coloiur ; 
they somewhat resemble a series of nails driven through the compact tissue, with 
their flattened heads immediately under the stomata, and their points projecting 
into the air-spaces below. As another example of such an arrangement, reference 
was made to the vacuity under each stomatic opening in the upper layer of paren- 
chyma in the leaf of the common pond-weed. 

On the Antiseptic Properties of the Sulphites, By Pr. Polli, of Milan, 
Sulphurous acid was said to be the most actii e agent in arresting all organic fer- 
mentation. As the acid, however, was not easily applicable in experiment, Pr^ 
Polli had undertaken an investigation as to the action of the sulphites of lime^ 
hyposulphite of magnesia, sulphite of magnesia, and sulphite of soda. These sub- 
stances were found to possess all the properties of sulphurous acid, with the advan- 
tage that their action was more uniform and certain and constant. In experi- 
menting on animals and himself, he found that large doses could be taken without 
risk* On killing animals treated with sulphites, ana others not so treated, he found 
that the former were most slow to decompose, and, indeed, remained quite fresh 
when the others were putrescent and ofiensive. Another series of experiments 
showed that in one class the administration of the sulphites was sufficient to efiect 
a more or less rapid cure in cases where blood-poisoning was present, as in fevers. 
Dr. Polli was anxious to have it clearly stated that he did not attribute this to any 
curative power in the sulphites, but to the fact that they arrested decomposition, and 
by BO doing allowed the animal to reco\ er by the recuperative power existing in its 
own constitution. The author thought his obseiwations conclusive as to the excel- 
lent influence of the sulphites on certain diseases. 

On Coayutation of the Blood — a correction of the Ammonia Theory, 

By Dr. W. B. llicHAKhsoN. 

On some Effects produced hy applying Ea.'treme Cold to certain parts of the 
Nervous System. By Dr. W» B. Richakdsok. 

On certain Effects of the Concentrated Solar Bays upon the Tissues of Living 
Animals immersed in Water, By George Robinson, M,D, 

After adverting to the wonderful effects of the composite natiu'e of the solar rays, 
and to the circumstance that water of all fluids next to the air is the medium most 
intimately connected with animal and vegetable life, the author gives an account 
of the effects he has observed when he has concentrated the solar rays on nu- 
merous bodies immersed in water. 

The most remarkable results were those obtaiUed in experimenting on small 
fishes and frogs. To the former the action of the rays, when concentrated upon 
the hsifcd. Was immediately fhtal j of the latter the skin was shrivelled and disco* 
loured. Even on his own hand the efiRset was immediately perceptible, painfoUoWed 
by inflammation* ^ 

He concluded with remarking^, It would therefore, from this particular rela- 
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tion, appear that the nerv ous structures of living animals are peculiarly sensitive 
to the stimulating agencies present in the solar rays, irrespective of the actual heat 
of the latter ; and it is thus rendered probable that it is not the calorific element of 
those rays that produces the effects witnessed in my experiments. Whether or not 
their actinic or chemical part chiefly operates in these cases, or whether another 
active power nearly allied to electricity, or the nervous force itself, is really con- 
tained in the sun’s rays, must be left for further research.” 

On the Presence of Quinine and other AVcalokh in the Animal Economy, 

By Wentworth L. Scott. 

Professor Allen Thomson exhibited microscopical preparations of the Cochlea, 
of the Retina, and of Teeth of Fossil Fishes. 


A Contnhutlon to the Anatomy of the Pilot Whale (Globiocophalus svincval). 

By Prof. Turner. 

Two innominate arteries arose from the transverse part of the arch of the aorta; 
the right bifurcated, and by one branch gave origin to the carotis cerebralis, carotis 
facialis, and subclavian arteries, by the other to the cervico-occipitalis and the 
art. thoracica posterior dextra. The left innominate gave origin to a small thyroid 
artery and then bifurcated : its anterior branch divided into carotis facialis and 
subcfavia sinistra; its posterior branch into carotis ceiebralis and cervdco-occipi- 
talis. The art. thoracica post, sinistra arose from the back of the arch close to its 
junction with the ductus arteidosus. The cerebral carotids diminished very much 
in size before entering the skull, as Sharpey and Yon Baer had already shown in 
the porpoise. The weight of the brain was 58 07., and the amount of blood con- 
veyed to it by these arteries was much less than in the adult human brain, so that 
the functional activity is necessarily slower than in the brain of Man. 

The stomach was subdivided into five compai-tnients : the 1st and 2nd communi- 
cated with the bottom of the a^sophagus, and along with the ‘‘id corresponded to 
the fiist three subdivisions of the stomach of the porj’ioise. The 4th compartment 
in the Pilot AVhale is not difierentiated in the porpoise, but the 5th compartment 
corresponds to the 4th or sigmoid stomach of tlie poipoise. Between it and the 
cylindrical duodenum was a dilatation, which diffeied from the dilated commence- 
ment of the duodenum in the porpoise in not having the hepatico-pancreatic duct 
opening into it. 

These and other details are given much more fully in the ‘ Journal of Anatomy 
and Physiology,’ November 18()7. 


Microscopic preparations in illustration of the ultimate arrangement of the bile- 
passages and of the mimitv* anatomy of the nervous system weie exhibited by 
ih'of. Turner. The prepniations were made by Mr. A. B. Stirling, Assistant in 
the Anatomical Museum, ITnhersity of Edinburgh. The sections of the liver, 
fiom the rabbit, served to confiim the recent views of Ileiing and others, that the 
bile passes to the periphery of the lobules in channels, which lie between and ha\e 
their walls fonnea by the Iher-cells, and which communicate with the interlo- 
bular branches of the hepatic duct. 


aEOGRAPHY AND ETHNOLOGY. 

Address hy Bir Bamxtel Barer, F,B,G,B,y Prcskhnt of the Section, 

Two years have elapsed since, in the month of September 18C5, jaded with the 
anxiety and fatigue of nearly five years’ exploration, I and the devoted companion 
of my journey — my wife — returned to civilization from a land of savages, from the 
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Albei^t N’yanza ; and we rejoiced that, in conjunction with the discoveries of Spek6 
and Grant, we had secured for England the merit of the discovery of the !Nile- 
sources. • . . I have received many rewards for this long period of trial and 
difficulty in African research, — the approbation of Her Majesty, the gold medals 
of the^ Royal Geographical Societies of both England and Franco, and the cordial 
reception of the account of our travels given in the ^Albert N’yanza Great Basin 
of the Nile;’ but believe me when I assure you that I esteem as one of the highest 
honours the compliment that lias been bestowed by the British Association, by their 
invitation that I should occupy the position of President of their geographical 
section. 

When I look upon my right hand and upon my left, and find myself supported 
by those veterans of science and of industry, by those men whoso heads have grown 
grey in the pursuit of knowledge, and whose intellects, enriched by the experience 
of along life, we regard with reverence and esteem, I feel with much humility that 
I am a usurper of the Presidential chair which has been so ably and so honourably 
filled by Sir Roderick Murchison and by ]Mr. Crawfurd, the time-honoured Presi- 
dents of the Royal Geographical and the Ethnological Societies. 

But, as the younger trees grow up bcmeath the liranches of the venerable oaks 
and prosper in their shade, even so 1 venture to rise between my much-honoured 
supporter, and recall to recollection the important fact that the high and prominent 
position now held by the geographical section in the proceedings of the British 
Association is due to the labour and untiring energ*} of Sir Ihxh'rick Murchison, to 
whom belongs the merit of ha^ ing gi\en to (ieography an independent place in the 
Meetings of this general parliament of science'. 

Geography is worthy of this high position, as nearly every science is dependent 
upon our knowledge of the earth. 

Astronomy would afford meagre results were we ignorant of the spherical form of 
our world, and were our obser\ationa confined to our own cloudy shores; but our 
observ’ations are directed from stations in all positions on the globe, the knowledge 
of those positions being due to our first explorers. 

Ethnology is a twin sister of geographical science, astlie numerous races of human 
beings (so diverse and inexplicable) that inhabit the various portions of the earth, 
from the ice-bound regions of the Arctic to the burning- deserts of Africa, would 
lia-se been unknown but for the researches of geographers and e*vplorers. 

Theology is closfdy interwoven with tin* study of geogo-apliy ; the histoiy of man 
from the remote beginuing is linked with a description of the c*r(*ntion of the world, 
when (Tod said, Let us make man in our own image.” hVom that time the very 
elements of our creed are coimect(*d with particular po^nilious upon the earth’s sur- 
face. The most important events that have influenced the march of civilization 
and the spread of Christianity have occun-ed in certain places that throw intense 
interest upon the science of geography. The wanderings of certain nomadic tribes 
seeking for new pastures for their Hocks have brought to light new countries, and 
have implanted new religions. The arriv al from Chaldea of Abraham, the simple 
Arab chieftain with his followers who settled in a new country, laid the foundation 
of our Jewish history, followed by those mighty events at distant intervals, the 
Exodus from Eg} pt, the building of Jeiusalem, the birth of Christ, the Roman con- 
quest, until at length, by the victories of Ctesar, the West was rescued from its 
savagedom, and the road was opened to Great Britain, to he followed by the light 
of truth. All this wonderful train of progi-ession is based on geography ; and, as ot. 
Paul with untiring zeal journeved ofU*n “ in peiils of waters, in penis of robbers, in 
perils by the heathen, in perils in the wilderness, in weariness and painfulness, in 
Iiunger and thirat, in cold and nalcednees,” even so the missionary and the explorer 
have united in patiently boring their way through land.s that have lain hidden since 
the world’s creation ; and these countries have lisen to the first rank in the earth’s 
history. Far-distant lands, tenanted by savage races that knew no God, rescued 
from a state of baiTonness, are smiling with prosperity ; the wild beasts and the 
luathcn have retreated betVue advancing civilization, and the sound of the cliiirch- 
bell rings at our very antipodes. Tims is itdigion linked with the study of the 
earth. The advancement of Christianity is dependent upon the migrations of 
Christians that shall implant the seed of truth in foreign soils. Those migrations 
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are dependent upon geograpMcal diucoTeries that shtdl hri^ to light countries and 
climates favourable to the development of European races. Thus civilisation will ad- 
vance to a higher standard in such latitudes as are conducive to industry and enter- 
prise j the severity of an Arctic region would he as great a barrier to the ititellectual 
progress of the inhabitants as would the burning sun alid barren sand of the desert where 
Nafiire has withheld every blessing from mankind. In sUch localities the human 
energies are overpowered oy the oppression of circumstances, and a high standard 
of civilization can never be attained. If, therefore, civilization be mainly dependent 
upon temperature and geographical position, it will be exhibited in the highest de- 
gree within particular latitudes comprised in the temperate zone. The discovery of 
Countries that afford the requisite conditions for such advancement has been the 
grandest result of comparatively modern geograpliy. In tracing the progress of 
geographical science from the earliest period of history, we are struck^ with the 
marvellous strides effected during the last three centuries. 

When we consider that the Mosaical history accounts for 4004 years froni the 
creation of the first man until the birth of Ohnst, and thus establishes the recorded 
existence of man for a period of 5871 years to the present day, we must regard with 
the most intense interest the mysterious development of the world during that space 
of time. 

The Phoenicians were the most ancient maritime power described in history, the 
ports of Tyre and Sidon having been their Ijondon and Liverpool. Even at the 
remote date when Pharoah Necho governed Egypt, the I'hcenicians are said to 
have circumnavigated Africa, having passed llirough a canal from the Mediter- 
ranean to the Red Sea, and returned to Egypt by the Straits of Gibraltar. Thus 
was mysterious Africa sailed around at that remote age, — an object t)f han’en wonder 
to the mariners, who were amazed to find the rising sun upon their right hand in- 
stead of on their left upon rounding the Capo of Good llope from the east and 
coasting north. 

The Phoenicians are supposed to have traded with l^'^nglaiid, and to have obtained 
tin from Cornwall ; they founded Carthage, which subs(*queiitly gave birth to the 
adventurous explorer llanno, w’ho coasted the western shores of Africa to near the 
Equator. 

In those days the principal objects of exploration were commerce and conquest : 
tliere was no Royal Geographical Society, with a Murcliison as President, to support 
the love of science and adventure ; hut the report of the explorer, if successful, was, 
as in the case of Caesar, Fc/u‘, vtdiy vici ! 

The voyages of the ancients WH*re generally confined to coasting or to crossing 
narrow seas by the guidance of the stars, in precisely the same manner as performed 
at the present day by the Arabs in navigating the I^ersiaii Gulf and the Red Sea. 
There can be little doubt that they were acquainted wdth India and Ceylon, as the 
presents of peacocks to Solomon must have been brought from one of "those coun- 
tries, that species of bird being unknown in Africa. The conquests of Alexander 
extended geographical knowleage into the far interior of India; and the founding of 
Alexan^a aaded an important seaport to the Meditermnoan. 

Although the entciynso of the Greeks and the Phcenicians had overcome the 
difficulties of the Mediterranean, and had established trading-stations upon the east 
Coast of Africa, their explorations were bounded by that impassable barrier to the 
-west— ‘the mysterious Atlantic Ocean. They had visited Zanzibar, and doubtless 
they had penetrated far into the interior of Eastern Africa, and had heard of the 
existence of the great lakes which Ptolemy long afterwards placed upon his map, 
from the description of native merchants, as the sources of the Nile j hut from the 
beginning of the world up to the fifteenth century, no human e^e had pierced the 
mystery of the Atlantic. At that time there were two great geographical questions 
to be solved— the Nile and the Atlantic. 

The fifteenth century was rich in geographical discovery. Marco Polo’s travels in 
Asia had btought renown to Venice ; and Vasco de Gama had, by the circumnaviga- 
tion of Africa, sustained the honour of Portugal, which enterprising country assumed 
the lead in exploration, until Columbus achieved the feat that completely 
altered the geogiaphy of his age — the discovery of America. How little did he 
dream tkat*, IviQiin the short interval of three and a half centuries, fhe New World 
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that lie Had diseorered woidd be able td defy the Old !— that updn the Wittes 
which tocked the frail CahoeS; ifon^clads would fly the atard add stHpeS) that a rast 
nation of Christian men should spring from the new soil and people the desolate 
wastes, that the wilderness should become a garden and the sWamps luxuriant 
cotton-helds, that great cities should arise upon the margin of her rivers, that the 
slave should be rendered free, and that the electric spark should speak in the pro** 
found depths of the Atlantic and hold communication each minute with the West 1 
— ^that Weary distant West, to which for weeks and weeks he had struggled on 
towards unknown shores, lost on a boundless ocean, but trusting in a Divine Guido 
who watched over the human instrument that steered onwards on the grand path to 
civilization. 

In the short period of 380 years, a small fractional portion of the interval assigned 
to the existence of man upon our earth, what vast changes have occurred, not only 
in geographical discovery, but by its results! Ameidca has become a giant, on 
irresistible power uponher own soil, separated from Europe by an ocean that renders 
her secure from hostile aggression. With every variety of climate, from the frigid 
to the torrid zone, with fertile soil, boundless forests, navigable rivers of prodigious 
extent, and commodious ports, the future of that wonderful Country may be pro* 
gnosticated by a comparison with the past. The first steps of a young colony are 
slow and full of difficulty j but if in 380 years America has attained her present high 
position from an utterly savage state, what part will that vast continent assume in 
the futm’e history of the world ? 

If possible, more wonderful in rapid advancement tliaii America is that extraor- 
dinary coiinti’y beneath our very feet. Australia is an instance affording a practical 
result of that wide theory, that temperature and gt'ograpliical position are tae chan- 
nels of civilization, and that according to the condifions of climate and the advan- 
tages of a locality will be its degree in the scale of progress. Within the memoy 
of many who are here present, the now important cities of Australia were merehuds 
upon the family tree of colonies. Blessed with the favourable conditions of tem- 
perature and geographical position, they have burst suddenly into bloom. Not only 
have we that vast pyramid of gold exposed in the l*aris Exhibition as proof of the 
value of Australia, but we possess a more lasting testimony of the importance of 
that fifth section of the globe in the imports of woo/ of the finest quality. This Is 
the most complete proof of success, as the locality most favourable to the flne-wool- 
bearing species of sheep is tliat most specially adapted for the European races of 
mankind. 

We have thus two grand examples before us of the energy and vitality of the 
Anglo-Saxon race. Great Britain, that at the time of the Konmn conquest was an 
island of half-naked savages, whose explorations were confined to coasting their 
own shores in hide and wicker-work canoes, has in the course of ages fulfilled her 
great destiny, and is become the parent of the East and West# Australia and 
America are the two huge children of the old mother, grand olFspriugs from Which 
must flow the sources of civilization. 

But in the moment of triumph, when We regard these mighty results of geogra- 
phical enterprise with pride and satisfaction, geography, that all-important 
science which we have now the honour to represent, whispers this warning in oui* 
ears — That as we have peopled distant lands, and nursea these infants until they 
have become great, the mother should no longer hold them in the leading-striftA 
of childhood, hut that, as stalwart sons grown into manhood launch independenily 
upon the world, so should our great offsprings, Canada and Australia, regal'd the old 
mother with affbetion, but assume their position of independence.'^ ueogtaphy is 
the base of diplomacy. There are things difficult, but possible ; but there are ob- 
stacles of Nature that are impossible to overcome. The Atlantic declares the inde- 
pendence of Can^a, as no support could be afforded by Great Bdtain in a cmiteit 
with America. 

It is natural to our insular position that geographical science should be more 
deeply appreciated in England than in other countries. Our strength lies In ottf 
commercial enterprise. Our commerce depends upon our colonies j these eneirol# 
the world. Thus geographical knowledge must he an important element in £hig- 
lish education, as hardly a family exists in the United Kingdom that is not repre- 
sented hy one or more of its members either In India or the eolonies. 
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There are at the present day important questions connected with our Indian pos-' 
sessions that demand the vigorous attention of English geographers. It is a cunous 
fact that all the great nautical discoveries of the worla were achieved before the 
power of steam had rendered the sailor independent of wind and tide ; but with the 
peculiar aid of rapid locomotion the mind of man is not content with ancient beaten 
paths, but seeks to lessen the distance of remote countries by adopting new and 
direct means of communication. It appears to many of us as the affair ot yesterday 
that the overland route to India was established by the indefatigable Waghom 
(whose name should ever be held in honour) ; but in the short space of about fifteen 
years the camel has ceased to be the ship of the desert ” upon the Isthmus of 
Suez : a railroad connects the Red Sea with the Meditermnean, a canal already 
conveys the sweet waters of the Nile through deserts of arid sand to Suez, and a 
fleet of superb transports upon the Red Sea conveys our troops direct to India. 
Who can predict the future ? who can declare the great French work to be im- 
possible, and deny that within the next half-century the fleets of the Mediterranean 
will sail through the Isthmus of Suez upon the Lesseps Canal ? 

England has been the fiist to direct to general use the power of steam. Our vessels 
were the first to cross the Atlantic, and to round the stormy Cane to India. The 
name of Stephenson will live for ever as the inventor of the railway, and that of 
Wheatstone as the adaptor of electricity to the telegrapli ; but, proud as we may bo 
of these great inventions which by the reduction of space bring distant countries 
into close communication and tend to civilization, ha\e we not thus destroyed the 
spell that kept our shores inviolate? Not only ourselves, but the French also 
possess a magnificent line of transports upon tlie Red Sea. We can no longer 
match the dexterity of our sailors against o^ erwhelming odds. Steam breaks the 
charm 1 Wars are the affair of weeks or days ; there are no longer the slow marches 
that rendered inaccessible far-distant points; the railway alters the former conditions 
of all countries. 

Without yielding to exaggerat(‘d alanu, we must watch with intense attention 
the advances of Russia upon the Indian frontier; and beyond all geographical enter- 
prises we should devote extreme interest to a new and direct route to India by the 
Euphrates Valley and tlie Persian Gulf, thus to be independent of complications 
that miglit arise with Eg>pt Thanks to the de\otion and zeal of the dis- 

tinguished President, Sir Roderick Murchison, the Royal Geogi'aphical Society has 
of late years received so great an iinpidse that it comprises at this moment 2130 
Members ; there is no exploration of any importance that can be undertaken through- 
out the world without t tie knowledge and the attention of this Society. Thus not 
only are we forewarned of the encroachments of neighbouring powers, should their 
expeditions be pushed beyond the limits of necessity , but we form a nucleus for all 
geographical information, should the Government resort to us in an emergency. 

Iree from all jealousy and abo^e suspicion, we ha\e this year awarded to the 
Russian Admiral', BoutakoftJ the Founder’s Gold Medal, for ha^ ing been the first to 
launch a steamer on the Sea of Aral, and to conduct his vessel upwards of 1000 
miles along the course of the river Jaxartes. 

The Victoria Gold Medal has been conferred upon that eminent Arctic voyager. 
Dr. Isaac Hayes, who by reaching the highest northern latitude hitherto attained 
(81® 36'), in liis arduous voyage towards the open Polar Sea, has nobly sustained the 
honour of America. Thus the year 1807 affords an interesting proof of the unpre- 
judiced patronage of the Society, ns both the Founder’s and the Patron’s Medals 
liave been bestowed upon these distinguished foreigners. 

It is not my intention to enter into the details of the geographical explorations 
of the past year, that have been so ably enlarged upon by Sir Roderick Murchison 
in the exhaustive re'iiew contained in his annual address of May 27th ; but it is 
my duty to bring to your notice those most important geoCTapliical facts which, 
from their recent occurrence, claim our present attention. In Africa, we have to 
record the noble expedition of Mr. Gerhard Rohlf, who has safely returned from his 
remarkable journey across the Sahara from Tripoli, via Ghadames and Murzuk, to 
Kuka, on the shores of Lake Tchad ; thence south to Bemu^, down that stream to 
its junction with the Niger, and then across by land to Lagos in the Bight of Benin. 
In Abvssinia we are about to commence a military^ expedition, to which we trust 
Her Majesty’s Government will attach a staff of men of science that may retrim 
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with valuable results. The importance of explorations was never more forcibly 
exemplified than in the present instance, when a war is about to commence in a 
wild country of which the military authorities are utterly ignorant, and solely de- 
pendent upon the accounts of private travellers. In Asia, we have to remark upon 
the extraordinary progress by the Kussians in geographical enterprize, who by their 
settlements in Manchmia and explorations of the Khiiika Lake, and the navigable 
rivers Usuri and Amoor, are laying the foundations for the future development of 
that hitherto neglected portion of the world. When we regard the vigorous steps 
that have been adopted oy Russia in Northern Asia, we turn with increased atten- 
tion to the energetio appeal of General Sir Arthur Cotton for an exploration of that 
unknown land between the Burhampooter and the Yang-tze, with a view to open 
a free communication between India, with its 200 millions, and China, with its 400 
millions of inhabitants. In America we devote increased attention to inter-oceanic 
commimication across the Isthmus, upon which interesting subject papers will be 
read before this Association by Lieutenant Oliver, on a recent exploration of a new 
route across Nicaragua, under the direction of that well-known and energetic ex- 
plorer, Captain Bedford Pini. 

No striking geographical feat has been performed by England during the present 
year ; but the anxiety not only of geographers but of Englishmen of all classes is 
painfully keen upon a subject of universal interest — the reported death of Dr. 
Livingstone. It is well known that this eminent traveller was engaged in an 
important exploration, with the intention of deteniiiniiig the watershea of Easteni 
equatorial Africa. Ilis object was to prove bv actual inspection whether tho 
Nyassa, from which the Shirt? flows to the Zambesi, was fed by a river from tho 
north ; he was then to reach the Tanganika Lake of Burton and Speke, and prove 
whether a river issued from that lake towards tlie south, or whether some riv(‘r 
fed that lake from the south ; he wos then to navigate the Tanganika to its 
northern extremity, and prove whether it was fed by a river from the north, or 
whether it communicated with the Albert N’yanza. With this great journey 
before him. Dr. Livingstone had reached and crossed over the northern portion of 
the Nyassa, which appears to have been so shallow that the canoes were poled 
across a sandy bed ,• this would suggest the existence of some tributaiw of the 
northern extremity of the lake that in annual floods had brought down the 


uepusiu 

Upon arrival on the western shore, he found himself in the hostile country of 
the mazite, and during the march, a few days later, the party was suddenly 
attacked and oveimowered. 

By the report of nine Johanna men and their leader, Moosa, who, after great diffi- 
culties, returned to Zanzibar, it anpears that Livingstone killed two of his assailants, 
but was himself struck down by the blow of an axe on the bock of the neck. 
Moosa and the Johanna men had concealed themselves in a thicket, but after dark 
they ventured to the scene of the recent conflict, and discovered the body of Liv- 
ino-stone with those of several of their own party and two of the enemy. They 
scraped a hole in the earth and buried the body of our lamented traveller. 

This happened in about August 1800 j we have therefore been twelve months 
without further tidings. There are some nersons (among others, my highly 
honoured and much-loved friend Sir Rodericii Murchison) who still cling to the 
hope that Livingstone is alive, and that the story of the Johanna men is false, and 
merely a lame excuse for the desertion of their master. 

The fate of Livingstone, our common friend, of whom we are all iustly proud, is 
so intensely interesting, that I may be excused for expressing my gloomy opinion ; 
I believe him to be dead. 

Those who still hope, cling to the fact that the Johanna men are renowned as 
liars, and that they have trumped up a story to excuse their return. It is this very 
fact of their power of consummate lyin^ that convinces me of the substantial trutn 
of their statement. Natives are scientific liars ; they do not lie absurdly, like £uro«* 
peans, but they concoct their falsehoods with such forethought, that the lie itself is 
an example of profound skill. No native, that I have ever seen, would commit him- 
self to so inartistic a lie as to declare to he dead a man who is still alive, who would 
become a witness at a future time against him. Should natives intend to desert 
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tliaiy mastavi they invftriahly plead excuses that cannot be proved to be false, such as 
(ilckness, pi? pretended lameness, tliat incapacitates them from marchinjf ; but the 
bai^dihood of the Johanna men in committing themselves, by the confession of their 
cowardice, is a surprising instance of veracity that could only have been prompted 
by the urgency pf the calamity. To confess the death of the master is the 
extreme of moral courage, as a native would dread the suspicion that might fall 
upon him as the murderer j therefore the story of poor Livingstone’s murder, 
although dilfering In details, as described to various people by Moosa, I thoroughly 
believe to be simstantially correct ; and this belief, I regret to say, is shared by 
Dr. Kirk, our Vice-Consul at Zanzibar, who was Livingstone’s former companion on 
the expedition to the Nyassa. 

Witn this sad conviction that Livingstone has passed away for ever, and that 
his hones now lie beneath that fatal soil of Africa that has been his glorious st^e, 
I can only, as a fellow traveller in the rough path of African research, exclaim : 
— Peace to his memory I honour to those remains that moulder in the dust, a 
sacrifice to philanthropy in that distant and hopeless held, where the hand of 
friendship is spurned, and where a murderous stab is the reward for Christian 
enterprise ! ” There is no stone to mark the spot where the great traveller lies ; 
but ns a gallant sailor’s corpse is given to the waves, and rests in death within the 
element with which in life he struggled, so rests the body of our tired pilgrim^ 
covered with the soil of Africa, as with a flag that enfolded him in victory. His 
name will never die, but, deeply graven on the hearts of all mankind, it will descend 
in history. 

And now, before I close this address, I must refer with pride and satisfaction to the 
vigour and alacrity that has been exhibited, not only by the Royal Geographical 
Society, at the earnest instance of our sterling President, Sir Roderick Murenison, 
hut also by Her Majestv’s Government, in despatching, without a moment’s unne- 
cessary delay, an expedition to Eastern Africa to investigate the fate of Living- 
stone, Should lie he no move, the arrival of an armed expedition in his search 
will he a lesson to the savage tribes that no Englishman can disappear without an 
ilKuiiry into the cause ; and good sendee will be done to geojrraphy by the party 
unaer Mr. Young, who, provided with a steel boat, will be ahje to decide whether 
the J^yassa is fed by a river from the north. 

The most interesting African problem yet remains to be solved. Within the 
last few years we have determined the gi’eat reservoirs of the Nile, and we have 
proved that the river, hitherto so mysterious, is the offspring of two great 
causes — the vast equatorial reservoirs the Victoria and Albert Lakes, and the 
sudden rains of Abyssinia that in July, August, and S^temher cause the 
inundation in Lower Egypt ; that portion of the question i shall shortly pub- 
lish as tb« ‘ Nile Tributaries of AhySsSinia.’ Rut although the mystery of ages is 
solved, much remains to be exploit'd. We know hut a portion of those immense 
reservoirs ; and geographers will not remain content with the bare fact that the 
Nile issues from those lakes j but England, that has untied the knot, must gather 
ill the extremity of the line. The death of Livingstone is a fearful drag upon the 
wheel of African exploration. There are many os hraye, many as adventurous j but 
there are few who combine the q^ualifications of patience and endurance ths<t are 
so sorely needed in that most difficult of all thorny paths, African research.” 
Still we must not despair : we have of late years acquired an ally that is the grand 
supporter of geogi’apliical exploration, a supporter that assists us through paths 
that were closed before the providential aid appeared ; and in those swamps whoso 
fatal malaria slew^ with infernal certainty the brave and daring explorers of former 
times, quinine is the guard and faithful escort of the traveller. Armed with this 
puirass, we can penetrate through countries hitherto impassable. The advancement 
of science has so far practically augmented the power to civilize, that, with drugs 
hitherto unknown, conveniences that preserve the traveller from the vicissitudes of 
climate, such as waterproofs &c. ^c., fire-arms of deadly precision, astronomical 
instruments, steel and india-rubber boats of infinite variety, not only can we push 
through obstacles that were fonnerly insurmountable, but we can return with 
scienfrfip results, and leave behind ua in those savage countries a path and intro«* 
^uctiou for fhtura ti^avvllers, 
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.But eyen wjien tjiese facilities are absent, there is one grest tbati if life 

remaios, may overcome all difficulties, a q^uality for which, I trust, Great Britain 
will ever be renowned — determination,^* When we met Speke and Grant (tbs 
Englishman and the Scotchman) at Qondokoro, they had nothing except guna, 
ammunition, beds, and quinine; and still they had overcome all dimculties. 
When my wife and I returned two years later to the same spot, we hs4 hau 
no quinine for eighteen months, our steel boat had been our large 
hathy our india-rubber floats had been infixed matshm ; and nsvertheless we 
are here now, thanks to the guidance of a Divine jProvidence ! 

But, next to Providence, there is a support to which an English traveller clings 
when far, far away from civilization, in countries unknown and trackless, He may 
be in misery and helpless, he may have lost all hope of return, and sickness may 
have stricken him to the margin of his grave ; but os his last thoughts wander 
towards all those left behind, and he weighs the fatal end against the results of his 
mission, of one thing he feels certain : — Ilis Goveniment may ignore him, friends 
may forget him, but the Hoyal Geographical Society, with Murenison at the head, 
will never forsake him ; if dead, he will bo sought for j and should h® refum aliye, 
their approbation of his labours will be his great reward. 

Confident in this support, the hardy pioneers of Great Britain will fiopk to the 
thinned ranks of the explorers. Speke lies buried in his native yillage-church j 
Livingstone, we fear, lies far away ; but the monument wo raise to these brave 
men will be the starting-point for others, who may equal their great deeds. 4-ild 
should the traveller fall in the noble task, and die in a lonely and distant l^d, if 
no friendly voice be near to bid farewell, he still will ha^ e a consolation : iq the 
last hour, a spirit will whisper these words of comfort to his soul, England 
expects that every man will do his dut}" I ** 


Notes of a Heconmissance of some Portions of Palestine made in 1866-60 /or 
the Palestine Eayhratlon Fund. By Lieut. Anderson, ILE. 

The reconnaissance survey commenced at Baneas, near the source of the most 
important tributary of the Jordan. The latitude was carefully fixed, the position 
of the junction of the Jordan and Baneas sticams determined, and the places oon-t 
nected by compass-bearings. A base was thus obtained on which to frame the 
triangulation to the mountains on both sides of the 'valley. From Baneas an aad’* 
mutji line we-*’ observed to a prominent peak about ten miles distant on the w®8t 
side of the valley, and the latitude of the survey camp at the village pf llimini 
near the peak, determined. From Ilunin the watershed was followed, which fca 
topographical reconnaissance afforded great facilities, as a clear view always 
ohtainea to great distances east and west, and all important places visible withm 
eight or ten miles were fixed by tnangulation. The next camp was fixed nt Kedes, 
and connected with that of TIunin hj an azimuth line. The surv^ey then removed 
to the 'village of Alma, o'verlooking the lake oflluleh, eighteen miles distant 
from Baneas, and the line of azimutlis connected hence with the watershed of 
Kefr Birim. Explorations were made to the north, twelve or fifteen miles, and aU 
mountain-tops and villages 'v^ithill access visited and Bur\eyed. To the south of 
Kefr Birim the culminating liiglilands of Upper Galilee, which had never beeq 
previously examined, wt‘re tliorouglil) explorea. From Jehel Jurmuk, about 400Q 
feet aho\e the sea-level, Gape Carmel could be distinctly seen. The next cam|^ 
was pitched at Safed. Safrd Castle has a most extensive -view in every direction, 
except north-east, where a hiU higher intervenes. A triangulatioq and 

survey of the whole of the Sea of Galilee and adioining mountains was nextmnde^ 
The reconnaissance was extended about eight miles to the westward ip the vi}li^ 
of Ailaboon, and proceeding southward, embraced the country over'whi^ ^0 
Crusaders made their disastrous march from Sepphoris to Kum Hattin. !pVinil 
Nazareth Wely a view was obtained over the beautiful plain of Esdraelon, and ohh 
servations made to many points, including others to Mount Ebal, thirty-five milisi 
further south. As far south as Jeuin the watershed was explored nnd mapped nni 
to the bend of the Leontes, about sixty miles distant in a stnfight lino, 
watershed to the eastward of Nablus had not yet been explored by nny 
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The survey of the watershed was commenced again a little north of Mount Ebal, 
and explored continuously os far as Jerusalem, which is situated itself on the 
main watershed of the country. The reconnaissance was extended through the 
Bedouin country to the Jordan, and the much-disputed position of Jisr Damieh 
connected with the sites previously fixed. The country to the eastward of Nablus 
was visited and mapped ; Jebel Azur, Mount Gerizim, Mount Ebal, and Kum Tur- 
tabeh were also connected with the survey; and it was finally protracted to Jaffa, 
thus establishing a connexion between this place and Baneas. 


On the Lcujoom of Corsica. Bij Prof. D. T. Ansted, F.R.S, 

The eastern coast of Corsica is the most malarious district in the Mediterranean ; 
but this has only been the cjise within i he historic period. 2000 years ago there 
was a defensible town on the coast called Aleria, and 120 years later a Roman 
colony was established there, the seat of a large trade. This continued and the 
coast was inhabited till the Middle Ages, when the pirates of the Mediterranean 
forced the inhabitants back into the hills. In the early part of the sixteenth cen- 
tury the plains ceased to be habitable, and they have never since been without 
deadly malaria in the summer. Mariana, another ancient and medicevol colony 
near the lagoon of Biguglia, had also been deserted. To the north of the sites of 
both these ancient towns extends a lagoon, formerly, in all probability, an open 
bay. The fine sand and mud of the rivers and watercourses are carried towards 
the north, and form a bar or wall of sand in advance of the coast. Behind this bar, 
wherever there are torrents between the rivers, a pool or lagoon is formed — these 
torrents not being able to keep open a channel to the sea. But a communication 
must be kept up, partly to enable the surplus waters to escape to the ocean during 
winter, and partly to admit the sea to the pool when, during summer, the contents 
are evaporated. Meanwhile all the organic matter brought down by the torrents 
is retained in the lagoon, decomposes tluTc, and is converted into miasmatic 
vapour. So long as there is free communication to the sea there is no malaria ; 
but when the lagoon is formed malaria sets in. The lagoon of Biguglia extends 
8 miles towards the north ; its greatest width is about mile. The wall or bank 
separating the lagoon from the sea is from 000 to 400 vards wide, and its height 
is about 9 feet abov e the level of the Mediterranean. Inhere are two cuts, which 
are now filled up. The deepest part of the lagoon is 10 feet, and much of it 
is not more than 3 feet. The water is nearly Ircsh in winter, and everywhere 
brackish in summer. The lagoon receives the drainage of 45,000 acres, and con- 
tains itself 4800 acres. The quantity of rain averages 24 inches per annum, of 
which 6 inches fall in November and 4 inches in October. ]\Iore then 2 inches 
has fallen in 24 hours, nearly 4 inches in a week, and about 12 inches in 4 weeks. 
From a consideration of these measurement^, it is evident that the lagoon might 
rise Cinches in 24 hours, and as much as 3 feet in a month, if it were not for the 
outlet to the sea : a channel will thus always be kept open. 2000 years ago the 
mud and sand of the Golo had not formed a bar in Iront of the bay, the shore of 
which was within the inner shore of the lagoon. There w as no effectual barrier 
pi’eventing the waters of the torrents reaching the sea until three centuries ago. 
Thus within 1700 years there has been commenced and completed a bank of sand 
7 miles in length, a quarter of a mile wide, and about 15 feet high — the result of 
two rivers, the Golo and the Bevinco. The deposit is equivalent to about 75 
grains of solid matter deposited on an average by each gallon of water. There is 
no evidence of any elevation of land within the recent or historic period that can 
explain the change that has taken place. It is evident that the lagoon has been 
formed by the accumulated sands and mud, and that the malaria is due to the 
closing of the lagoon. It is in the highest degree desirable that these lagoons 
shoula be got rid of or mndered innocuous. This can be done, in the lagoon of 
Biguglia, by separating the area into two unequal parts. The larger area might be 
drained by pumping, at a moderate cost, and kept dry by the same machinery 
occasionally used ; part of the smaller area might be coin erted into the channel 
of the Bevmco, and the rest drained by inexpensive machinery. The redeemed 
lands would be of great value ; but the principal result would be felt in the im- 
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proyement of the sanitary state of the adjoininjg* districts. The experience of Mr. 
Bateman in Minorca seems to prove that malaria may be removed bj the drainage 
of lagoons, and the surrounding population raised thereby from their present state 
of apathy and stagnation. 

On Walvisch Bay and the Ports of Sovih- West Africa. 

By Thomas Baines, F.B.G.S. 

The importance of Walvisch Bay is due to its being the best harbour on this part 
of the African coast, and to the existence of mines of copper in the neighbouring 
interior. It lies in lat. 22° 27' S., and comprises the estuary of the Kiusin river, 
where there is well-sheltered anchorage for vessels of almost any size, oo arid 
and sandy is the climate, that the river contains water only during a few weeks of 
the rainy season, and fresh water for consumption is obtained by rolling casks from 
Sand Foimtaiii, four miles distant. The country in the vicinity is peopled by 
Namaqua Hottentots and Damaras. The value of British imports one year 
amounted to £2/50,000, and the author advocated the establishment of a com- 
missioner in the port, authorized to hoist the British flag, regulate the commerce 
of the place, and settle questions that arise between the triers and the natives. 
The country abounds witn cattle, which might become objects of a large export 
trade. The copper found is a rich heavy ore, greenish or dfark purple ; but some- 
times bolts of pure native copper are met with. 028J tons of copper were shipped 
during the month of May 1807. 


EoD 2 >loration of Beloocliistan and Western Scinde, with a view to examinhig the 
Subterranean Supply of Water. By J. W. Barnes. 

The author commenced his operations at n place about eight miles north-east of 
Kurrachee, where, after some weeks’ labour, he succeeded in piercing the flrst 
water-bearing strata, when the water rushed up and o\ erflowed the surface, con- 
tinuing, without intermission, to the present time. Water was obtained at other 
places in the arid country, and springs were visited which are from 60 to 300 feet 
above the valleys. With this evidence of subterranean water, we are bound to 
inquire where is the source. Originally, of course, it is derived from rain or snow. 
The desert country of Scinde is often spoken of as destitute of rain. The rainfall 
averages, indeed, only 4 inches per onnnm j but if we glance at a map of Asia, we 
observe, between the eastern borders of l^eisia and the western boundary of the 
Scinde and Punjab valleys, a tract of country 330,000 square miles in extent, with 
a mountainous and humid area, from 3000 to 12,000 feet above the sea-level^ from 
which a considerable subterraneous supply of water must be derived. Granting an 
average annual rainfall of 3*73 inches o\er this area, and as we know that in every 
country a portion of the rainfall, estimated from one-third to one-tWelfth, perco- 
lates and is absorbed by the permeable strata, there is room for a strong inference 
that a vast body of water is available over the whole of the region, between the 
thirtieth parallel of latitude and the Indian Ocean. It is recorded by navigators 
that large springs of fresh water burst up through the sea in the neighbourhood of 
Cape Ormuz. The formation of this part is, undoubtedly, tertiary ; and the stra- 
tification of the hills, where not horizontal, generally inclines either to the east- 
ward or southward. 


A Boat-Journey across the North end of Formosa from Tam-suy to Ketuny, 
By Dr. Collinowood, F.L.S. 

This paper gave an account of the towns of Hoo-wei (or Tam-suy) on the 
north-west coast of Formosi^ and a treaty-port j of Banffka, an interior town, the 
capital of that part of the island ; and of Kelung, anotner treaty-port, upon the 
north-east coast. The journey was made by way of the Tam-suy river, passing 
the towns of Kan-tow, Pah-chie-nah, Sik-kow, Chuy-teng-cha, to Kelung ; and 
the author described the chief features of the fauna and flora noticed on the way. 
He also entered particularly into the characteristics of the native population, their 
occupation, characters, and general economy. 
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On the Coasts of Vancouver's Island^ British Columbia, and Russian America. 

By P. N. Compton. 

The author described the physical outlines of the coast-reMon of these countries, 
visited by him during eight years^ service in the Hudson’s Bay Company, at Van- 
couver’s Island. The most marked feature, between the straits of He Fuca and the 
fifty-ninth parallel of latitude, is the numerous long inlets in the rocky precipitous 
coasts. They run generally in a north-easterly direction, and vary in length from 
thirty to seventy miles. The scenery in most of these inlets is grand in the ex- 
treme : every few miles cascades of water leap down the lofty, rocky sides, pro- 
ceeding from the melting snows of the peaks that tower up a short distance in the 
interior. An enumeration of these inlets was given, together with a more detailed 
description of several of them. It is a cunous feature that none of the large 
rivers of these countries discharge themselves into these deep inlets. Lynn’s 
canal, in Russian America, has large glaciers in its valleys, extending to the sea- 
shore, from which they are separatea sometimes only by a belt of trees. The 
climate here is very severe ; ana the author has seen, in the month of May, 4 feet 
of snow close to the sea-level. This inlet is one of the longest on the coast, ex- 
tending inland about seventy miles ; but it averages only about two miles in width. 
The chmate of Russian America is extremely severe ; it is doubtful if any crop 
but potatoes could be raised on its poor soil, and the amount of available land is 
very umited* ___ 

On the Antiquity of Man, By John Crawtuki), F.B.8, 

Considerations were adduced by the author of this paper in support of the view 
hat the period embraced by architectural and other records of the most ancient 
nations lorms but a small portion of the time that has elapsed since man’s first 
appearance on the earth. From the time in which he acquired the skill to frame 
such records, we have to trace him back, over the many stages he had to pass 
through, up to the discovery of his remains in caves, and even of those of his 
handiwork in the most recent geological formation, the drift.” The localities, 
moreover, which were favourable to the development of a people sufficiently ad- 
vanced to produce enduring records of their existence are few in number. To trace 
man’s existence up to its earliest date, according to the author’s view, we must go 
beyond this, to the time when he was without speech, ignorant of every art, and, 
like the lower animals, chiefly guided by instinct. 

On the History and Migration of Sacchiferous or Bugar -yielding plants in 
reference to Ethnology, By John Crawftjrd, F.R,S, 

On the Animal and Vegetable Food of the Aborigines of Australia, 

By John Crawfurjd, F,li,S, 


On the supposed Plurality of the Races of Man, By John Ceawfhrd, F,B,8, 


On the supposed Aborigines of India, as distinguished from its Civilized 
Inhabitants, By John Crawfurd, F.It,S, 


• - On the Complexion, Hair, and Eyes as Tests of the Races of Man, 
By John Crawfurd, F,R,S, 


On the Dissemination of the Arabian Race and Language, 

By John Crawfurd, F.R,S, 

Arabia, from one extremity to another, is inhabited by a single race of man, 
apparently its aborigines. The physiciil geography of their country must have eai ly 
divided tne Arabs into two usually distinct classes — the nomadic shepherds for the 
desert, and the fixed agriculturists for the less sterile part of the country. Had the 
people of Arabia been African negroes, or Malays, or even Hindoos, we may safely 
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believe that in their inhospitable land they wonM never have attained even the 
modest meMure of advancement they have exhibited, but, on the contrary, would 
have remained in the sava^ condition of some Afiicans, or Bed Indians, whose 
condition was far more auspicious. But the Arab is of higher intelleotual quali^ 
than any other race of Asia, in many respects not being surpassed even ny the 
Chinese j and this superiority is evinced by the predominance they exercise when 
they come into conta^ with any of the other races of Asia. At some very remote 
and unknown time, a settlement of Arabs took place in the neighbouring countiy 
of Syria, the evidence of whch is the existence m Hebrew of many Aramc wor^* 
With this obscure exception, the long isolation of the Arabs continued down to 
the time of Mohammed. Under the inspiration of the religion of their prophet, 
they left their own country, and at once commenced a career of conmiest wnich, 
for rapidity, durability, and extent has no paiallel. Transplanted to better lands 
than their own, the Arabs appear to have improved or fallen ofij chiefly in propor- 
tion to the quality of the race with which they commingled. They became aeterio- 
rated amongst the Syrians and Egyptians, and their greatest social advancement 
was, probably, when they came into contact with a European people in the 
Spani^ peninsula. It was in foreign countries only that they maae advance in 
civilization. Their literature and their architecture all sprang up in foreign coun- 
tries. They were not themselves discoverers or inventors, an<i the benefit they 
conferred on mankind consisted only in their being the agents through which the 
discoveries and improvements of other nations were widely disseminated. It was, 
for example, through their active mediation that the arts of distillation and paper- 
making (Chinese inventions) reached Europe ; and the westera world owes to them 
the introduction of many useful plants, as rice, cotton, the sugar-cane, the opium- 
poppy, the orange, and the melon. The number of Arabic words introduced into 
foreign languages varies with the influence exercised by the religion of the Arabs, 
and the capacity of the people to comprehend it. The language has nowhere but in 
Syria, Egypt, and Barbary made any approach to the supercession of the native 
idioms of countries conquered by the Arabs. The great disparity which existed 
between the manners, habits, and pronunciation of a European and an Asiatic 
people made the number of Arabic words introduced into the Spanish language 
comparatively inconsiderable, and their corruption great, although the power of 
the Arabs in the Spanish peninsula endured, from first to last, 778 years. 

Life amongst the Veys. By H. C. Criswick. 


On the Character of the Negro, chiefly in relation to Industrial Habits* 
By Dr. John I)avy, F.It.S. 


In this paper the chief ot^ect of its author was the vindication of the Negro, 
who, he believes, has been unjustly considered a sluggard and inveterately idle. 

The argument used is of two kinds ; one is founded on the organization of the 
African, excellently fitted for work, indeed the very cAUse, under a mistaken 
humanity, of his first importation into the West Indies, with the vain hope of 
preserving the feebler and cruelly worked natives. 

The other (resting on experience), a very extensive experience, proving that 
with equal motives to be inaustrious, the negro is not inferior to the white man 


in industiy. 

The author adduces instances of conduct on the part of negro labourers that 
would be highly creditable to Europeans in the same condition of life. 

He concludes with the expression of belief that such peculiarities as belong to 
the negro, as colour of skin, quality of hair, &c., are of a kind suitable to pim 
in his native climate, and b^eflcial under a tropical sun a^ in a malarious 
atmosphere^ and not of a nature to allow of his being considered either m a 
distinct or inferior variety of the great human family. And further, that he is as 
capable as the white man, under continued education, in favourable eifcuniatainices, 
and freed from the curse of slavery, of becoming civilized, and of maidiig pr(H 
gress in the liberal arts and sciences. One fact is dwelt on as of a very promising 
kind. viz. that those tribes in the far interior, mountainous regions of Africa, 
' 8 * 
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where slavery has least prevailed, and where the climate and soil are good, are 
most advanced, probably as much so in civilization and the useful arts, such as 
the working of iron &c., as were the ancient Britons about the time of the first 
Roman invasion. 

On Eooploration in Palestine, By Cvril Graham, F,R,0,S. 

An Association was formed two years ago for the purpose of exhaustively ex- 
ploring the Holy Land. The first announcement of its object was met by sunrise, 
that such a worlt had still to be executed. Had not the scores of travellers, it was 
asked, who annually traverse Palestine, brought all the infonnation that could be 
desired P But ninety-nine out of every hundred of these rigidly foUow the same 
track, and hurry home without adding an atom to our knowledge. 

What is proposed, in the first place, is-a trigonometrical survey on a large scale, 
in which every village and every mound which marks the site of what once was a 
village, every glen, every scar, every spring, every feature, be it ever so small, of 
presumptive importance shall be delineated. 

Then we wish to know the materials of which old ITermon and the Lebanon are 
composed ; the fossil remains of ancient creatures imbedded in their sides ; the na- 
ture of the soils; all the trees of the mountains; all the flowers of the plains which 
cover the land as a carpet in the spring of the year ; all the fishes of the Sea of 
Tiberias ; all the phenomena of that most remarkable of basins the Dead Sea. We 
want, too, a catalogue of the beasts and reptiles, in which the crocodile will appear, 

of the birds, of tne butterflies, of the beetles, and the smaller entities of creation, 
in all their varieties. In short, we want that book rewritten, which has not been 
transmitted to this day, composed by a master of science 3000 years ago, which 
treated of plants, from the hyssop that is on the housetop to the cedar that is upon 
Lebanon, and of the birds, and the beasts, and the creeping things, and the fishes of 
that land. 

Again, if we turn towards the East, to the other side of Jordan, there is seen a 
spacious field for future labour, — Moab, barren and wild ; Gilead, with its forests, 
and Bashan, with its cities walled and unw'alled, from which the Children of Israel, 
by divine help, expelled the Rephaim. Edrei and Salcah were the limits of Og’s 
kingdom. Edrei, entrenched in a labyrinth of rocks, is a stronghold which would 
still task the unaided arm of man to conquer ; the castle of Salcah on the southern- 
most spur of the Iiills of Bashan commands to this day the approach to the old 
kingdom from the east, and the descendants of the Oaks, which excited the admira- 
tion of the sacred writers, have never ceased to cling to the range which their 
ancestors adorned. 

In the heart of Bashan lies Argob, that curiosity of geolog^^, a mass of once 
molten matter, tossed and torn and twisted and upheaved, resembling more nearly 
the appearance of the moon, as revealed to us by Lord Rosse’s telescope, than a 
Condition of things on the earth. 

Beyond the mountains which form the bander of Bashan, a duplicate occurs of 
this work of the convulsion of nature, and groups of towns, scattered over the plain, 
these many ages desert and desolate, remain as monuments of the proficiency in 
more than one art of a very early period. 

The author in conclusion said, I feel that this great congress, which has met to 
consider the modes in which human research may be best conducted, will hardly 
require of me an apology for introducing to it, and begging for it the right hand of 
fellowship, an Association which proposes to confer, and which, if the means be 
granted, will confer such a benefit on so many branches of knowledge, 

"We have no section for archaeology, no section for history, no section for theo- 
logy, but these sciences will likewise profit, and above all — and this is the primary 
object that we have in view — a light will be thrown upon the birthplace of our 
faith, upon the configuration and the products of the country, and the way of living 
of a people far different from ourselves, enabling us to read with a more vivid in- 
terest. and a more real intelligence, the scenes so graphically depicted in the Scrip- 
tures.” 
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On some Changes of Surf ace affecting Ancient Ethnography^^ 

By H. H. Howorth. 

In this paper the author claimed to prove that the accounts given hy Pliny and 
the other Koman geographers, of the physical conformation of Scandinavia, namely, 
that it was then an archipelago of large islands, has been abundantly sustained by 
the evidence collected by Swedish obsen’^ers since the seventeenth century, by the 
minute inspection made in 1833 hy Sir Charles Lyell, and by subsequent investiga- 
tions, whicn evidence is to the effect that the whole of the land north and north- 
east of Stockholm is rising rapidly, and that the Baltic is becoming more limited 
in area every day. This area of elevation has been extended by many observers 
into Central Asia, where the Caspian within the historic period has receded enor- 
mously, the former conjunction with it of the sea of Aral being only a very limited 
index of this depletion. From these facts the author deduced the conclusions, — 

First, that the rhetorical expression of the northern hive ” is more than ever 
an exaggeration, and that we must look elsewhere for the cradle of the great ma- 
jority of invading peoples who overturned the Koman empire. 

Secondly, that the hlling up of a large area in Southern and Central Asia with 
sea and marsh in ancient times must affect the positions of its races as given in 
orthodox geographies, and offers a suggestive field for those who, like himself, are 
interested in the causes of the continuity and the idiosyncracies of the Indo- 
European family. 


On the Ongines of the Norsemen, By H. H. Howorth 
The author held the \ iew of Ilallam and others to be untenable, namely, that 
the sudden eruption of Norsemen into western Europe, and their ferocity, were 
due to the Saxon wars of Charlemagne, which sent many of the chiefs of that race 
beyond the limits of Germany, and in revenge of which they afterwards returned 
to be the scourge of all Europe. The only explanation of the many peculiarities of 
the Norsemen is to be found in the fact of their ha\ing been but late immigrants 
into the area whence they emerged so powerfully and so suddenly. Their own 
traditions, their epics and war-songs contain no allusions to such a tempting and 
suggestive subject as the wars of Uharlemagne. After passing in review all that 
could be found in classical T\Titers bearing on the subject, the author believed that 
the balance of evidence was in favour of identifying the Norsemen with the Rox- 
elani, literally red-haired men,” and that these wore the same as the Sarmati, 
who have been erroneously considered to be a Sclavonic nation. 


The Ethnography of the French Exhihitiony as represented hy National Arts, 
By Mrs. Lynn Linton. 

The author considered that, apart from all question of commercial value or 
social gain, the Exhibition had at least one feature of undoubted importance, 
namely, its ethnological material, which is singularly rich both in amount and 
suggestiveness. Every variety of art is to be seen, from the rude works of the 
savage, whose finest ideas are embodied in a necklace of shells, a mask of tattoo, 
or a temple of skulls, through the intermediate grades of the semicivilized making 
their first efforts, up to the latest productions of European skill. The archaeo- 
logical gallery of the Exhibition leads us by successive stages from the primitive 
conditions of the lake-dwellers to the complex life of modem times. The work of 
each nation, even in the department of jewellery, has a distinctive character of its 
own, evidencing the peculiar habit of thought and intellectual stetus of the race. 
The European, with all his science, cannot come near the exquisite grace of the 
unlearned Hindu or the wandering Kurd. There is a strongly marked dimmi- 
larity of intention in Eastern and Western work. There is no national life, no 
public meaning in anything that comes from the East. It is all small and indi- 


* This paper will be printed at length in the Transactions of the Ethnological Society 
for 1868. , . . « . « 

t This paper is printed at length in the Transactions of the Ethnological Society for 

1867. 
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yidual work, for a few grand men and their harems ; nothing for the mass of the 
people. The West, on the contrary, shows its mechanical improvements and 
grand scientific discoveries, planned to lessen the toil of labour and multiply its 
products, so that the poor shall profit as well as the rich. We learn the trutn of 
this view in a very small and quite unimportant matter, valuable only as an indi- 
cation. Both West and East send models of their fruits, costumes, trades, &c. ; 
but Ihe East sends them as toys — mere playthings, which are made to amuse ana 
not to instruct; while the models of the West are in aid of horticultural or 
ethnographical science, the final cause of which is public good, not private 
pleasure. 


On the Origin of Civilization and the Early Condition of Man, 

By Sir John Lubbock, BarU^ F,E.S., Pres, Ent. Soc. 

Side by side with the different opinions whether man constitutes one or many 
species, there are two opposite views as to the primitive condition of the first men, 
or first beings worthy to be so called. Many writers have considered that man was 
at first a mere savage, and that our history nas on the whole been a steady progress 
towards civilization, though at times, and sometimes for centuries, some races 
have been stationary, or even have retrograded. Other authors of no less eminence 
have taken a diametrically opposite view. According to them, man was from the 
commencement pretty much what he is at present. If possible, even more ignorant 
of the arts and sciences than now, but with mental qualities not inferior to our own. 
Savages they consider to be the degenerate descendants of far superior ancestors. 
Of the recent supporters of this theory, the late Archbishop of Dublin was amongst 
the most eminent. In the present memoir I propose briefly to examine the reasons 
which led Dr. Whately to this conclusion, and still more oriefly to notice some of 
the facts which seem to me to render it untenable. Dr. Whately enuneiates his 
opinions in the following words : — That we have no reason to believe that any 
community ever did^ or ever can emerge, unassisted by external helps, from a state 

of utter barbarism, into anything that can be called civilization Man has not 

emerged from the savage state ; the pro^ss of any community in civilization, by its 
own internal meana^ must always have begun from a condition removed from that 
of complete barbansm, out of which it does not appear that men ever did or can 
raise themselves.^' One might at first feel disposed to answer that fifty cases could 
be cited which altogether discredit this assertion ; and without going beyond the 
limits of our own island, we might regard the history of England itself as a sufficient 
answer to such a statement. Archbishop Whately, however, was far too skilful a 
debater not to have foreseen such an argument. The ancient Germans,’’ he says, 
who cultivated com, though their agriculture was probably in a very rude state, 
who not only had numerous herds of cattle, but employed the labour of brutes, and 
even made use of cavaliv iu their wars, . . , these cannot with propriety be 
reckoned savages, or if they are to be so called (^for it is not worth while to dispute 
about a word), then I would admit that in this sense man may advance, and in 
fact have advanced, by their own unassisted efforts, from the savage to the civi- 
lized stata” This limitation of the term “ savage ” to the very lowest repre- 
sentatives of the human race no doubt rendered Dr. Whately ’s theory more tenable 
W increasing the difficulty of bringing forward conclusive evidence against it. 
lue Archbisnop, indeed, expresses himself throughout his argument as if it would 
be easy to produce the required evidence in opposition to his tneory, supposing that 
any race of savages ever had raised themsmves to a state of civilization. The 
manner in whichne has treated the case of the Mandans, a tribe of North Ameri- 
can Indians, however, eflfectually disposes of this hypothesis. This unfortunate 
tribe is described as having been decidedly more civilized than those by which they 
were surrounded. Having, then, no neighboiue more advanced than themselves, 
they were quoted as furnishing an instance of savages who had civilized them- 
selves without external aid. In answer to this, Archbishop Whately ftaka — << First, 
How do we know that these Mandans were of the same race as their neighbours r 
Secondly. How do we know that theirs is not the original level from which the 
other trioes have fallen P Thirdly and lastly, supposing that the ^d 
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emer^ &om the sayage state, how do we know that this may not have been through 
the aid of some strangers coming among them — ^like the ManccnCapac of Peru — 
j&om some more civiuzed oountary, perhaps long before the days of Columbus P " 
Supposing, however, for a moment, and for the sake of argument, that the Man** 
dans, or any other race, were originally savages and had civilized themselvesu it 
would still be manifestly, from tne very nature of the case, impossible to brmg 
forward the kind of evidence demanded by Dr. Whately. No doubt he ** may con- 
fidently affirm that we find no one record^ instance of a tribe of savages, properly 
so styled, rising into a civilized state without instruction and assistance from people 
already civilized.” Starting with the proviso that savages, properly so styled, are 
ignorant of letters, and laying it down as a condition that no civilized example 
should be placed before them, the existence of any such record is an impossibility ; 
its very existence would destroy its value. In another passage Archbishop Whately 
says, indeed, K man generafly, or some particular race, be capable of self-civi- 
lization, in either case it may be expected that some record, or tradition, or monu- 
ment, of the actual occurrence of such an event should be found.” So far from 
this, the existence of any such record would, according to the very hypothesis 
itself, be impossible. Traditions are shortlived and untrustworthy. A “monument” 
which could prove the actual occurrence of a race capable of self-civilization, I 
confess myself unable to imagine. What kind of a monument would the Arch- 
bishop accept as proving that the people which made it had been originally savage P 
that they had raised themselves, and had never been influenced by strangers of a 
superior race P Evidently the word “ monument ” in the above passage was used 
only to round off the sentence. But, says Archbishop Whately, “We have ac- 
counts of various savage tribes, in different parts of the globe, who have been 
visited from time to time at considerable intervals, but have had no settled inter- 
course with civilized people, and who appear to continue, as far as can be ascer- 
tained, in the same uncultivated condition and he adduces one case, that of the 
New Zealanders, who “ seem to have been in quite as advanced a state when Tasman 
discovered the country in 1642, as they were when Cook visited it 127 years after.” 
We have been accustomed to see around us an improvement so rapid that we 
forget how short a period a century is in the history of the human race. Even 
taking the ordinary chronology, it is* evident that if in 6000 years a given race has 
only progressed from a state of utter savagery to the condition of tne Australian, 
we could not expect to find much change in one more century. Many a fishing 
village, even on our own coast, is in very nearly the same condition as it was 127 
years ago. Moreover, I might fairly answer that according to Whately’s own de-» 
finkion of a savage state the New Zealanders would certainly be excluded. They 
cultivated the ground, they had domestic animals, they constructed elaborate for- 
tifications, and made excellent canoes, and were certainly not in a state of utter 
barbarism. Or I might argue that a short visit, like that of Tasman^ could give little 
insight into the true condition of a people. I am, however, the less disposed to 
question the statement made by Arclibisnop Whately, because the fact that piany 
races are now practically stationary is in reality an argument against the theory of 
degradation and not against that of progress. Civilized races, say we, are the de- 
scendants of races which have risen from a state of barbarism. On the contrary, 
argue our opponents, savages are the descendants of civilized races, and have sunk 
to their present condition. But Archbishop W^hately admits that the civUized 
races are still rising, while the sav^es are now stationary ; and, oddly enoi^, 
tseems to re|mrd this as an argument in support of the very untenable propositioii, 
that the difference between the two is due not to the prog^ss of the one set of 
races, a progress which every one admits, but to the degradation of those whom he 
himself mfuntaina to be stationary. The delusion is natural, and like that which 
every one must have sometimes experienced in looking out of a train in motion, 
when the woods and fields seem to be fiying from us, whereas we know that in 
reality we are moving and they are scatianary. But it is argued, “ If man, 
when first created, was left, like the iHUtes, to the unaided exercise of those 
natural powers of body and mind which are common to the E^pean and to the 
New Hollander, how comes it that the European is not now in toe condition of 
the New Hollander? ” I am indeed sui^prised at such an argument. In the first place, 
Australia possesses neither cereals nor any animals which can be domesticaltea with 
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advantage ; and in the second, we find, even in the same family, among children of 
the same parents, the most opnosite dispositions — in the same nation there are 
families of high character, ana others m which every member is more or less 
criminal. But in this case, as in the last, the Archbishop’s ar^ment, if good at 
all, is good against h^s own view. It is like an Australian boomerang, which 
recoils upon its owner. The Archbishop believed in the unity of the human race, 
arguing that man was originally civilized (in a certain sense). ^^How comes it, 
then,” I might ask him, *‘that the New Hollander is not now in the condition of 
the European P ” In another passage, Archbishop Whately quotes with approba- 
tion a passage from President Smith, of the College of New Jersey, who says, 
that man, cast out an orphan of nature, naked and helpless, into the savage forest, 
must have perished before he could have learned how to supply his most imme- 
diate and urgent wants. Suppose him to have been created, or to have started 
into being, one knows not how, in the full strength of his bodily powers, how long 
must it nave been before he could have known the proper use of his limbs, or 
how to apply them to climb the tree ?” &c. Exactly the same, however, might 
be said oi the gorilla or the chimpanzee, which certainly are not the degraded 
descendants of civilized ancestors. Having thus very briefly considered the argu- 
ments brought forward by Archbishop Whately, I will proceed to state, also very 
briefly, some facts which seem to militate against the view advocated by him. 

First, I will endeavour to show that there are indications of progress even 
among savages. Secondly, that among the most civilized nations there are traces 
of original barbarism. The Archbisliop supposes that men were from the beginning 
herdsmen and cultivators. We know, however, that the Australians, Tasmanians, 
North and South Americans, and several other more or less savage races, living in 
countries eminently suited to our domestic animals, and to the cultivation of cereals, 
were yet entirely ignorant both of the one and the other. It is, I think, impro- 
bable that any race of men, who had once been agriculturists and herdsmen, should 
entirely abandon pursuits so easy and so ad\ antageous, and it is still more impro- 
bable that if we accept Usher’s very limited chronology, all tradition of such a 
change should be lost. Moreover, even if the present colonists of (say) America 
or Au^ralia were to fall into such a state of barbarism, we should still find in 
those countries herds of wild cattle descended from those imported ; and, even if 
these were ext3rminated, still we should find their remains, whereas we know that 
no single bone of the ox, or, with one doubtful exception, the domestic sheep, has 
been found either in Australia or in the whole extent of America. Moreover the 
same argument applies to the horse, as the fossil horse of South America does 
not belong to the domestic race. So, again, in the case of plants. We do not 
know that any of our cultivated cereals would survive in a wild state, though it 
is highly probable that in a modified form they would do so. But there are many 
other plants which follow in the train of man, and by which the botany of South 
America, Australia, and New Zealand has been almost as profoundly modified, 
as their ethnology has been, by the arrival of the white man. The Maoris have 
a melancholy proverb, that the Maoris disappear before the white man, just as 
the white man’s rat destroys the native rat; the European fly drives away the 
Maori fly ; and the clover kills the New Zealand fem. A very interesting paper 
on this subject, by Dr. Hooker, whose authority no one will question, is contained 
in the Natural flistory Review for 1864: — ‘^In •Australia and New Zealand,” 
he says, ** for instance, the noisy train of English emigration is not more surely 
doing its work than the stealthy tide of Engli^ weeds, which are creeping over the 
surface of the waste, cultivated, and virgin soil, in annually increasing numbers 
of ^nera, species, and individuals. Aproj^ of this subject, a correspondent, 
W. T. Locke Travers, Esq., F.L.S., a most active New Zealand botanist, writing from 
Canterbury, says, ‘ You would be surprised at the rapid spread of European and 
forei^ plants in this country. All along the sides of the main lines of road through 
the plains, a Polygonum^ called cow-grass, grows most luxuriantly, the roots some- 
times two feet in depth, and the plants spreading over an area from four to five feet 
in diameter. The dock {Mnniex obttmfmius or R. criiymsj is to be found in every 
river-bed extending into the valleys of the mountain-nvers, until these become 
mere torrents. The Sow-thistle is spread all over the country, growing luxuriantly 
nearly up to 6000 feet. The water-cress increases in our still rivers to such an 
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extent ^ to threateir to clioke them altogether/ ” The Cardoon of the Argmim^ 
Republics is another remarkable instance of the same fact. We may therefore 
safely assume that if Australia, New Zealand, or South America had ever been 
peopled by a race of herdsmen and agriculturists, the fauna and flora of these coun- 
tries would almost inevitably have given evidence of the fact, and differed much 
from the condition in which they were discovered. We may also assert on a 
general proposition that no weapons or instruments of metal have ever been found 
in any country inhabited by savages wholly ignorant of metallurgy. A still 
stronger case is afforded by pottery. Pottery is not easily destroyed ; when known 
at all it is always abundant, and it possesses two qualities j namely, those of l^ing 
easy to break, and yet difficult to destroy, which render it very valuable in an 
archaeological point of view. Moreover, it is in most cases associated with burials. 
It is, therefore, a very significant fact, that no fragment of pottery has ever ^en 
found in Australia, New Zealand, or the Polynesian Islands. It seems to me ex- 
tremely improbable that an art so easy and so useful should ever have been lost by 
any race of men. Again, this argument applies to several other arts and instru- 
ments. I will mention only two, though several others might be brought forward. 
The art of spinning and the use of the bow are quite unknown to many races 
of savages, and yet would hardly be likely to ha^v e been abandoned when once 
known. The absence of architectural remains in these countries is another argu- 
ment. Archbishop Whately, indeed, claims this as being in his fa% our, hut the 
absence of monuments in a country is surely indicative of barbarism and not of 
civilization. The mental condition of savages seems also to me to speak strongly 
against the degrading” theory. Not only do the religions of the lower races 
appear to be indigenous, hut I have elsewhere pointed out that, according to 
almost universal testimony of all writers on savages — merchants, philosophers, 
naval men, and missionaries alike — there are many races of men wno are alto- 
gether destitute of a religion. The cases are perhaps less numerous than they are 
asserted to be, but some of them rest on good evidence. Yet I feel it difficult to 
believe that any people which had once possessed a religion would ever entirely 
lose it. Religion appeals so strongly to tne hopes and fears of men — it takes so 
deep a hold on most minds — it is so great a consolation in times of sorrow and sick- 
ness — that I can hardly think any nation would ever abandon it altogether. Where^ 
therefore, we find a race which is now ignorant of religion, I cannot but assume 
that it has always been so. I will now proceed to mention a few cases in which 
some improvement does appear to have taken place. According to M‘GiUivray, 
the Australians of Port Essington, who, like all their fellow-countrymen, had 
formerly bark canoes only, have now completely abandoned them for others hol- 
lowed out of the trunk of a tree, which they buy from the Malays. It is said 
that the inhabitants of the Andaman Islands have recently introduced outriggers. 
The Bachapins, when visited by Burchell, had just commenced working iron. 
According to Biirion, the Wajiji negroes have recently learned to make brass. In 
Tahiti, wnen visited by Captain Cook, the largest moral, or burial-place, was that 
erected for the then reigning Queen. The Tahitians, also, had then very recently 
abandoned the habit of cannibalism. Moreover there are certain facts which 
speak for themselves. Some of the North American tribes cultivated the maize. 
Now the maize is a North American plant j and we have here, therefore, clear evi- 
dence of a step in advance made by these tribes. Agi^, the Peruvians had do- 
mesticated the llama. Those who oelieve in the diversity of ^cies of men may 
endeavour to maintain that the Peruvians had domestic llamas from the beginning. 
Arebbisbop Whately, however, would not take this line. He would, I am sure, 
admit that the first settlers in Peru had no llamas, nor, indeed, any other domestie 
animal, excepting probably the dog. The bark cloth of the Polynesians is another 
case in point. Another very strong case is the boomerang of the Australians. 
With one doubtful exception this weapon is known to no other race of men. We 
cannot look on it as a relic of primeval civilization, or it would not now be coni^ed 
to one race only. The Australian cannot have learned it from any civilized visiton 
for the same reason. It is therefore, as it seems to me, exactly the case we waiil^ 
and a clear proof of a step in advance — a small one if you like--but still a step made 
by a people whom Archoishop Whately would certainly admit to be true savagea. 
The rude substitutes for writing found among various tribes, the wampum of th0 
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Nortii American Indians^ tkepkture-wxitiiig and Quippu of Central America; miiat^ 
be regarded aa of natire origin. In the case of the system of letters invented by 
Mohammed Doalu; a negro of the Vei countiy, in West Africa, the idea was no doubt 
borrowed from the missionaries, although it was worked out independently. In 
other cases, however, this cannot, I think, oe maintained. Take that oi the Mexicans. 
Even if we suppose that they are descended from a primitively civilized race, and 
gradually and completely lost both the use and tradition of letters — to mj 
mind, by the way, a most improbable hypothesis — still we must look on their 
system of picture-writing as being of American ori^. Even if a system of 
writing by fetters could ever be altogether lost — which I doubt — ^it certainly could 
not be abandoned for that of picture-writing, which is inferior in every point of 
view. If the Mexicans had owed their civilization, not to their own ^adnal im- 
provement, but to the influence of some European visitors, driven by stress of 
weather or the pursuit of adventure to their coasts, we should have found in 
their system of writing, and in other respects^ unmistakeable proofs of such an in- 
fluence. Although, therefore, we have no historical proof that the civilization of 
America was indigenous, we have in its very character evidence, perhaps, more 
satisfactory than any historical statements would be. The same argument may be 
derived from the names used for numbers by savages. I feel great difficulty in 
supposing that any race which had learnt to count up to ten would ever unlearn a 
piece of knowledge so easy and yet so useful. Yet we know that few, perh^s none, 
of those whom Archbishop Whately would call savages, can count so fax. No 
Australian language contained numerals for any number beyond four ; the Dam- 
maras and Abipones use none beyond three ; some of the Brazilian tribes cannot 
go beyond two. In many cases where the system of numeration is at present some- 
what more advanced, it bears on it the stamp of native and recent origin. Among 
civilized nations, the derivations of the numerals have long since been obscured by 
the gradual modification which time effects in all words ; especially those in fre- 
quent use, and before the invention of printing. And if the numerals of savages 
were relics of a former civilization, the waifs and strays saved out of the general 
wreck, though we could not expect to trace them up to that original language, 
which in such a case must have existed, yet we certainly should not find them such 
as they really are. I cannot, of course, nere give to this argument all the deve- 
lopment of which it is capable, or bring forward all the cases in point ; but I will 

? uote a short passage from a very interesting lecture delivered oefore the Royal 
nstitutaon by my friend Mr. Tylor, in which some of the facts are clearly stated. 
Among many tribes of North and South America and West Africa are found 
such expressions as — for 5, ^ a whole hand ; ’ and for 6, ^ one to the other hand ; ^ 
10 , ‘ botn hands ; ' and IL, ^ one to the foot •/ 20, * one Indian ; ’ and 21, ‘ one to 
the hands of the other Indian ^ or for 11, ‘ foot 1 for 12, ^ foot 2 j ’ for 20, ^ a 
person is finished; ’ while among the miserable natives of Van Diemen’s Land the 
reckoning of a single hand, viz. 5, is called pu^ama, ‘ a man.’ ” For displaying 
to us picture of the savage counting on his tingera, a being struck with the idea 
that, if he describes in words his gestures of reckoning, these words will become a 
numeial, perhaps no language approaches the Zulu. Counting on his fingers, he 
begins always with the Httle finger of his left hand, and thus reaching 5, he calls 
it ** a whole hand ; ” for 6, he translates the appropriate gesture, calling it tatisitupa, 
<^take the thumb;” while 7, being shown in gesture by the forefinger, and this 
finger being used to point with, the verb komha, “ to pomt,” comes to serve as a 
numeral expression, denoting 7. Here, then, surely we have just the evidence 
which Archbishop Whately required. These numerals are recent, because they 
are uncorrupted, and they are indigenous, because they have an evident meaning 
in the language of the tribes by whom they ore us^. Again, we know that 
many savage fenguages are entirely deficient in such words as colour,” tone,” 
"tree,” &c., hav^ names for eacn kind of colour, every species of tree, but not 
for the general idea. I can hardly ima^e a nation loc^g such words if it had 
once possessed them. Other similar evidence might be extracted from the lan- 
guage of savages ; and arguments of ^is nature ate entitled to more weight than 
atatoments of traveUers, as to the objects found in use among savages. Suppose, 
for instance, that an early trav^er mentioned the absence of some art or know- 
ledge among a race \isitea by him, and that later ones found the natives in poe- 
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sessioai of it. Most people would hesitate to leoeire this as a clear cfvideiioe of 
progress^ and rather disposed to suspect that later traTelleTS. wi^ perhaps bet- 
ter oppo^nities, had seen what their predecessors had ovenodced. This is no 
hypothetical case. The early Sranish writers assert that the inhabitants of the 
li^rone Islands were ignorant ot the use of fire. Later travellers, on the o<ni- 
trary, find them perfectly w^l acquainted with it They have, thevsfinre. almost 
unanimously assumed, not that the natives had made a step in advance^ but that 
the Spaniards had made a mistake ; and 1 have not brought this case forward in oppo- 
sition to the assertions of Whately, because I am inclined to be of the same opinion 
myself. I refer to it here, however, as showing how difficult it would be to obtain 
satisfactory evidence of material progress among savages, even admitting that such 
exists. The arguments derived from language, however, are liable to no such 
suspicions ; but tell their own tale, and leave us at liberty to draw our conclusions, 
1 will now very briefly refer to certain considerations which seem to show that 
even the most civilized races were once in a state of barbarism. Not only 
throughout Europe, not only in Italy and Greec^ but even in the so-called cradle 
of civilization itself — in Palestine and Syria — ^in Egypt and in India — ^the traces of 
the stone age have been discovered. It may, indeed, be said that these were only 
the fragments of those stone knives &c. which we know were used in religious 
ceremonies long after metal was in general use for secular purposes. This indeed 
reminds one of the attempt to account for the presence of elephants’ bones in 
England, by supposing that they were the remains of elephants wnich might have 
been brought over by the Homans. But why were stone knives used by the 
Egj^tian and Jewish priests ? Evidently because they had been at one time in 
general use. and there was a feeling of respect which made them reluctant to use 
the new suDstance in religious ceremonies. There are^ moreover, other considera- 
tions which point very decidedly to the same conclusion. It is well known that 
among various savage tribes female virtue is looked on with a very indifierent eye. 
Some savages have not — I will not say have not arrived at — the idea of marriage. 
I cannot here bring forward the evidence in support of this statement, hut evenr 
ene who has taken any interest in the lower races of men will admit that a savages 
wives arc essentially a part of his property, as much so as his dog ox his other slaves ; 
and hence, when a man dies, his brother takes possession of 9ie widow, together 
with the rest of the property. In those cases where women are treated with rat^r 
more justice, the first results are, according to our ideas, of doubtful advantage. 
Among the Andaman Islanders, for instance, the man and woman remain together 
only until the child is born and weaned, when they are free to separate and pair 
with others. In other cases, marriage may be terminated at the wish either of 
the husWnd or the wife. In others, again, the tie is of such a nature that it affords 
not even a presumption as to parentage. The result of this is that many savages 
have no idea of any relationship by paternity ; they recognize kinship throuph the 
female line only. This is the case with the Australians, the Fijian^ and indeed 
the South Sea Islanders ^nerally j the ancient Celts, Greeks, tne Kasias, Naira, 
and other tribes in Hinaostan ; some of the Cossack hordes, many negro tribes, 
&c., and traces of it occur all over the world. For the same reason a man’s 
heirs are not his own children, bat those of his sisters ; while, probably again for 
the same reason, the Wanyamwezi have the (at first sight) inexplicaDle custom 
that a man’s property goes to his illegitimate children, and not to his lawful off- 
spring. Thus, then, oy tracing up the gradual construction of the idea of marriage, 
we can account for the two extraordinary customs which we find in every part of 
the world — ^that a man is regarded as no relation to his own childton, and that Ids 
property goes not to them, but to those of his dsters. As things improved, and 
the probability of parentage became greater, kinship through females only would 
gradually be abandoned. Many savages have not yet advanced so fiiiv others have 
vocen^y made the change — ^as, for instance, the Ait-Iraten, who did so less than a 
century ago, and erected a stone pillar in memory of the event. Evei^ however, 
among the most civilized nations, we find in early history traces of this progreflh* 
sion. Thus among the early Jews, Abraham married his hidf-sister. Nahor 
lied his brother’s daughter, and Amram married Ms father’s sister. Here we see the 
eyatem of kindiip through fismales only. Hiese women were not at that tame re:- 
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garded as relatives, thoucli at a later period in Jewish history they would have been 
so. The custom that when a man died childless his brother married the widow is 
another case in point, as also is the touching story of Ruth and Boaz, and the sad 
history of Tamar. Similar considerations, as Mr. McLennan points out in his ex- 
cellent book on Primitive Marriage, prove that the Romans were at one time in 
pari pasm as regards the administration of justice with many races, which we find 
Ignorant of legal proceedings, and dependent for the settlement of their disputes on 
force of arms or the good offices of friends ; ” while, as regards marriage, we find 
customs both among the Greeks and Romans which point back to the time when 
those polished peoples were themselves mere savages. Even among ourselves a 
man is, in the eye of the law, no relation to his own children unless they are bom 
in wedlock. He is related to his own offspring not by blood, but through his mar- 
riage with the mother. If marriage has not taken place they have no right to his 
name j and should he leave them any of his property, the State steps in and claims 
one-tenth, as in cases where money is left to those who are no relations. Thus, 
then, we can trace up among races in different stages of civilization every step, 
from the treatment of woman as a mere chattel to the sacred idea of matrimony as 
it exists among ourselves, and we find clear evidence that the gradual change has 
been one of progress and not of degradation. Civilized nations long retain traces 
of their ancient barbarism ; barbarous ones, no relics of previous chivalry. As the 
valves in the veins indicate the direction of the circulation, so can we trace the 
gradual progress of respect for women, which is one of the noblest features of our 
modem civilization. Before quitting this interesting subject, I may add that 
many nations have traditions of the origin of marriage. Among the Egyptians 
it is attributed to Menes, among the Chinese to Folhi, the Greeks to Cecrops, the 
Hindoos to Svetaketu. If the idea of marriage had been coeval with our race, 
if marriage had always appeared as natural, I might say as necessary, as it does 
to us, such traditions could scarcely have arisen. In the publications of the Nova 
Scotian Institute of Natural Science is an interesting paper by Mr. Ilaliburton 
on The Unity of the Human Race, proved by the universality of certain super- 
stitions connected with sneezing.” Once establish,” ho says, that a large num- 
ber of arbitrary customs, such as could not have naturally suggested themselves 
to all men at all times, are universally observed, and we arrive at the conclusion 
that they are primitive customs, which have been inherited from a common 
source ; and, if inherited, that they owe their origin to an era anterior to the dis- 
persion of the human race.” To justify such a conclusion, the custom must be 
aemonstrably arbitrary. The belief that two and two make four, the division of 
the year into twelve months, and similar coincidences, of course, proves nothing, 
and 1 very much doubt the existence of any universal, or even general, custom of 
a clearly arbitrary character. The fact is that many things appear to us arbitrary 
and absurd because we live in a condition so different from that in which they 
originated. Many things seem natural to a savage which to us are unaccountable. 
Mr. Haliburton brings lorward os his strongest case the habit of saying God 
bless vou,” or some equivalent expression, when a person sneezes. He shows 
that this custom, which I admit appears to us at first sight both odd and arbitrary, 
is ancient and widely extended. It is mentioned by Ilomer, Aristotle, Apuleius, 
Pliny, and the Jewish rabbis^ and has been observed in Florida, in Otaheite, and 
in the Tonga Islands. That it is not arbitrary, however, Mr. Ilaliburton himself 
shows, and it does not therefore come under his rule. A belief in invisible beings 
is very general among savages, and while they think it unnecessary to account 
for blessings, they attribute any misfortune to the ill-will of these mysterious 
beings. Many savages regard disease as a case of possession. In cases of illness 
they do not suppose that the organs are themselves affected, but that they are 
being devoured oy a god. Hence their medicine men do not try to cure the dis- 
ease, but to extract the demon. Some tribes have a distinct deity for every ail- 
ment. The Australians do not believe in natural death. When a man dies" they 
take for granted that he has been destroyed by witchcraft, and only doubt who is 
the culpnt. Now a people in this state of mind — and we know that almost every 
race of men is passing or has passed through this stage of development — seeing a 
•man sneeze, would naturally and almost inevitably suppose that ne was attacked 
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and shaken by some invisible being ; equally natural is the impulse to appeal for 
aid to some other invisible being more powerful than the first. Mr. Hauburton 
admits that a sneeze is “ an omen of impending evil : ” but it is more — ^it is evi- 
dence which, to the savage mind, would seem conclusive that the sneezer was 
possessed by some evil-disposed spirit. Evidently, therefore, this case, on which 
Mr. Halibuiton so much relies, is oy no means an arbitrary custom,” and does 
not therefore fiilfil the conditions which he himself laid down. lie has inciden- 
tally brought forward some other instances, most of which labour under the disad- 
vantage 01 proving too much. Thus he instances the existence of a festival in 
honour of the dead, ^^at or near the beginning of November.” Such a feast is 
very general, and as there are many more races holding such a festival than there 
are months in the year, it is evident that in several cases they must be held to- 
gether. But Mr. HaliWton goes on to say, The Spaniards were very naturally 
surprised at finding that, while they were celebrating a solemn mass for All Souls 
on the 2nd of November, the heathen Peruvians were also holding their annual 
commemoration of the dead.” This curious coincidence would, however, not 
only prove the existence of such a festival before the dispersion ” (which Mr. 
Haliburton evidently looks on as a definite event, instead of a gradual process), 
but also tliat men were at that epoch sufficiently advanced to form a calendar and 
keep it unchanged down to the present time. This, however, we know was not 
the case. Mr. Haliburton again says, The belief in Scotland and Equatorial Africa 
is found to be almost precisely identical respecting there being ghosts even of the 
Imng, who are exceeaingly troublesome and pugnacious, ana can be sometimes 
killed by a silver bullet.” Here we certainly have what seems to be an arbitrary 
belief, but if it proves that there was a belief in ghosts of the living before the 
dispersion, it also proves that siher bullets were then in use. This illustration is, 
I think, a very interesting one, because it shows that similar ideas in distant 
countries owe their origin, not “ to an era before the dispersion of the human race,” 
but to the original identity of the human mind. While I do not believe that 
similar customs in different nations are inherited from a common source,” or are 
necessarily primitive, 1 certainly do see in them an argument for the unity of the 
human race, which, however, be it remarked in parenthesis, is not necessarily the 
same thing as the descent from a single pair. 

In conclusion, then, while I do not deny that there are cases in which nations 
have retrograded, I regard these as exceptional instances. The facts and argu- 
ments whi^ I have here v ery briefly indicated might have been supported by many 
other illustrations which I could not bring before you without unduly extending a 
communication already somewhat too long. They, however, I think, afford strong 
grounds for the following conclusions — namely, that existing savages are not de- 
scendants of civilized ancestors ; that the primitive condition of man was one of 
utter barbarism ; that from this condition several races have independently raised 
themselves. These views follow, I think, from strictly scientific considerations. 
We shall not, however, be the less inclined to adopt them on account of the cheer- 
ing prospects which they hold out for the future. If the past history of man has 
been one of deterioration, we have but a groundless expectation of future improve- 
ment ; but, on the other hand, if the past has been one of progress, we may fairly 
hope that the future will be so too ; that the blessings of civilization will not only 
be extended to other countries and other nations, but that even in our own land 
they will be rendered more general and more equable, so that we shall not see before 
us always, as now, multitudes of our own fellow-countrymen living the life of 
savages m our very midst ; neither possessing the rough advantage and real, though 
coarse, pleasures of savage life, nor yet availing themselves of the far higher and 
more nonle opportunities which lie within the reach of civilized man. 

The Physical Oeography of Nicaragua with reference to Interoceanic Tranaitp 
By Capt. M, F. Maubt. 

The great importance of one or more good commercial highways across Central 
America being admitted, the question resolved itself, besides cost, into a ques- 
tion of the facilities of ingress and egress by sea, to and from the opposite ter* 
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mini^ — ^whidi is an afitur of winds and currents. Panama has the advantage in 
ahortnesa of kmd transit f Nicaramia in winds^ terminal ^rts^ and dimate. Aa a 
irule, the prevailing winds, in the belt of ocean between 35° N. and 35® 8., are from 
the eastward, except the belt of equatorial calms, which extends across the Pa- 
cific. Looking westward, therefore, towards Austaralia or Eastern Asia, Panama 
is to windward; the commercial routes from thence westward are thus to leeward, 
whilst the return voyages are to windward. Bv making a detour, the return 
voyage would not be so difficult, but other physical difficumes stand in the way of 
navigation. Panama lies in the equatorial oelt of calm, which is greatly widened 
on the Pacific coast, and sailing-vessels are often detained for weeks hy it. 
ILM.S. ^ Herald ’ was once obliged to be towed by a steamer for 700 miles out ot this 
ealm-helt before she could find a breeze. Vessels, therefore, to get clear of the 
calms in the season in which they prevail, even when their destination is south- 
ward, are obliged to move up the coast towards Costa Rica, and then get north- 
ward until they reach the N.E. trade-winds, on which they depend for getting out 
to sea, clear of the calms. This peculiar feature decides the question of the most 
desirable route across the Isthmus, which would be in a latitude where the calms 
would not surround the port of the Pacific terminus, and so cause no obstacle to 
the approach and departure of sailing-vessels throughout the year. Several routes 
have been proposed across the northern portions of the Isthmus, lying out of the 
region of calms. On an examination of the physical conditions of each, and espe- 
cimly the winds at the ports of each terminus, the author gives the preference to 
a route which would cross Nicaragua near to the north-west end of the Lake of 
Nicaragua, and terminate at the Port of Realejo. Realejo is on the northern 
verge of the tedious calms of Panama, and the point where they nearly cease to he 
vexatious to the navigator at any season. 


International Pre-historic and Anthropological Congress, 

By Sir R. I. Mubchisoit, Bart., K.C.B., F.ILS. 

Sir R. I. Murchison read a letter from M. Lartet announcing that at the sitting 
of the International Congress of Pre-historic Archseology and Anthropology, held 
at Paris on the 29th of August, it was resolved to hold the Meeting of 1868 in 
England, and that Sir R. I. Murchison had been elected President thereof. Upon 
this, Sir Roderick explained to the Section that he had replied to M. Lartet, stat- 
ing that he was under the necessity of declining the honourable post assi^ed to 
him, as he had already made arrangements, on account of the state of his health, 
to be absent from England during the ensuing summer. He therefore suggested 
that Sir Charles Lyell, Sir J. Lubbock, Prof. Busk, Mr. J. Evans, Mr. Prestwich, 
and Mr. A. Franks should be a Committee, with which he would gladly cooperate 
to organize the arrangements and fix the place and date of meeting*. 


Observations on the Livingstone Search Eoopeditlon now in progress. 

By Sir R. I. Murchison, Bart., K.G.B., LL.D., F.R.S. 

Sir R. Murchison explained at some length the various reasons which had led 
him to disbelieve the story of Dr. Livingstone’s death, as narrated to the Consul 
at Zanzibar and Dr. Kirk by Moussa, the Johana man, the sole witness of the 
catastrophe. Having given several proofs of the mendacity of this Moussa, he 
specially dwelt upon his gross prevarication in having given to one of the sej^ya 
of the expedition an account of the death of Livingstone entirely differing u*om 
that whiim he gave to the Consul at Zanzibar. Under these circumstances 
Sir R. Murchison had felt it to be his duty as President of the Rcn'al Geographical 
Society, to induce the Council of that body to appeal to Her Majesty’s Govern- 
ment to fit out, at small cost, a searchir^boat expedition, which, to their great 
credit, the Admiralty had effectively carried out. He described the pieced struc- 
ture of the steel boat which had reached the Cape of Good Hope, to be thence 
transmitted to the mouth of the Zambesi river. He then explained how it was to 

* It has aubsequently been arrang^ that Sir John Lubbock is to be the President, and 
that this Oongrass will assemble at Nonridi in August 1868, during the Meeting 
British AssocSiUiion. — ^Febraary 18^ 
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be there pat together and manned by natives under the eommand of Mr. Youngi of 
the Koysd Navy, the sealous warrant officer who had during imwiuds of t#o years 
commanded the * Pioneer ’ under Dr. Livinmtone himself, mth two other aocM- 
matized British seamen, and accompanied by a volunteer, Mr. Ealkner, Mr. Young 
was directed to ascend the Zambesi to the mouth of its great affluent the Shim 
There the boat would be taken to pieces and carried up on the sides of those jnreat 
and long rapids to which Livingstone had attached the name of the Murchison Fallsi 
at the heaa of which it would be reconstructed in order to ascend the Shire, to the 
most western end of the Great Lake Nyassa, near to which is the spot where, as 
reported, the great traveller was killed. Having ascertained the true fiMits, it was 
estimated that the expedition would on its return reach the mouth of the Zambesi 
at the end of November, and hence it is hoped that in January of 1868 the painful 
suspense of the public will be set at rest*. 

Sir Roaerick added, we can only ascertain that my valued friend was 
not killed at that spot, but passed on towards the interior accompanied by a few 
negroes only, why then I shall have every hope that Livingstone, who can overcome 
obstacles that not a man in a million can face, and who traversed and retraversed 
South AMca with black men only, having been also reported to be dead, may emerge 
from all his difficulties, and settle the great problem now in ^tation — whether 
the vast lake Tanganyika is or is not a great southern water-basin of the Nile.'^ 


Description of Two Routes through Nicaragua. By lieut. S. P. Oliver, R.A» 
The author described a journey he had made, between the months of February 
and July of the present year, up the river San Juan in Nicaragua, and across the 
new line overland, between the Lake and the Gulf of Mexico, which has just been 
cleared through the forest in preparation for a railroad projected by Capt. Bedford 
Pirn. The tract of country traversed was, until the present expedition, a terra 
incognita^ occupied by vast impenetrable forests of gigantic trees, dense under- 
wood, and entangled woody creepers. The line commences on the Lake of Nica- 
ragua, at San Miguelito, and ends at the Rama river, in the Gulf of Mexico. At 
San Miguelito, the variation of the compass was ascertained to be 4° 30' east. 


Exploration of the Grand Chaco in La Plata, with an Account of the Indians, 

By W, Perkins. 


On the Mining District of Chontales, Nicaragua. By Capt. Bedford Pm, R,N» 

In its pWiscal aspect, Nicaragua may be divided into three longitudinal sec- 
tions : — 1, The Atlantic side, which is, for the most part, low and mluvial, inter- 
sected by numerous rivers, having bars at their mouths, with lagoons inside aflbrd- 
ing an almost uninterrupted water navigation. The land is everywhere rich, and 
well adapted to the proauction of Sea-Island cotton. 2. The Pacific side, having 
precipitous shores, and no river worthy of the name. The region is eminently 
volcanic, and destitute of minerals. A curious feature is the number and extent 
of the lakes spread over its surface, including Lake Nicaragua, ninety miles wide 
by forty broad. The small lake Nijapa presents some marked peculiarities ; the 
specific gravity of its water is 1-8, and it is hot to the taste, acria, and smelling of 
sulphuretted nydrogen. It is of a light greenish-yellow colour, very thick and 
turbid, and on being kept some time deposits a black precipitate, consisting chiefly 
of iron. Some of the lakes txe fathomless, and pure as crystal. 3. The last sec- 
tion consists of the dividing ridge between the other two, attaining a maximum 
elevation of SCOO feet. In this district gold and silver are found, and in its 
southern part lie the mines of Chontales. A dense, unbroken prhnmval forest 
covers the greater part of this region, containing a profusion of valuable timber 
trees, such as cedar, mahogany, sapota, leopard wood for cabinet work, canilla (an 

* It is now happily known that the expeffitkm Was not only emineatiy suooessful in ne- 
gatiring'ltibe accounts of the death of Livingstone, but that everytking was aocomplielied 
within the estimated pwiod, thanks to the skill and eneigy of Mr. Young.— Fehriuuy 4, 
1868. 
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easily worked wood), venaca (a light sort of boxwood), &c. The Atlantic side is 
very humid — indeed, white residents jocularly remark that it rains thir^n months 
in the year j but it is not unhealthy, and the strong north-east trade-winds temjjer 
the heat of the climate. The Pacific coast region is contrasted with the opposite 
pide by the sharp distinction between the wet and dry seasons, and the stunted 
growtn of the trees. Gold was first discovered in 1850, and was worked in a rude 
manner near San Juan. It was not, however, till 1864 that political and other 
circumstances permitted of an accurate examination of the mining district W a 
partj sent out from England, including Mr. W. C. Paul, a mining engineer. The 
exploration of the forest-clad district commenced at San Miguelito, near the 
western extremity of Lake Nicaragua, A narrow tract leads hence, via Acoyapa, 
Lovogo and Libertad, to the mining district, which lies a little to the east of the 
watershed between the lakes and the Atlantic, and near the River Mico, a branch 
of the Blewfields. The San Juan mine, close to the Mico, was examined, and 
found to be of rich promise, but the method of working it was very inefficient. 
Holes 25 feet deep were dug, and adits driven on each side of them until water 
was met with, which caused the abandonment of the excavation, although the lode 
becomes richer as depth is increased. Various excursions were made in the vicinity 
of Libertad, and the existence of valuable lodes of gold and silver satisfactorily 
established. The Indian village of Kinalala, at the nead of the navigable waters 
of the Blewfields river, is the nearest point of embarkation direct for the Atlantic. 
The absence of a certain, speedy, and secure means of communication with the sea- 
coast is the only serious difficulty which mining enterprise will have to encounter 
in the development of these newly discovered mineral resources of Nicaragua. 


On the Colony of New Scotland, in Southern Africa. By J. J. Pratt. 

This was a description of an elevated district on the eastern slopes of the 
Drakensburgh mountains, north of Natal, which has lately been opened for Euro- 
pean immigration by the Government of the Trans- Vaal Republic. The climate 
was described to be good, and the land suitable for pastoral purposes. 

Exploration of the Isthmus of Darien, with a view to discovering a practical 
line for a Ship Canal. By M. Lttcien be Phydt. 

This paper communicated the scientific results of two explorations of the Isth- 
mus of Barien, made by the author in the years I8CI and 1865, with the object 
of discovering a practicable line for a ship canal to connect the two oceans. His 
researches in the first expedition were directed towards the line proposed some 
seventeen years ago by Dr. Cullen, between the Gulf of St. Miguel and Caledonia 
Bay, which had been insufficiently explored by the international expedition sent 
out about that time. The result of this first journey was to confirm the con- 
clusion arrived at by Mr. Gisbom in 1861, namely, that no practicable line exists 
for an interoceanic canal in this direction. The expedition led W M. de Puydt 
thereupon returned to France, and in 1864 he was charged by the french Govern- 
ment to organize another party, for the purpose of thoroughly examining the low 
range of the Andes about sixty miles to the south of the former line, where several 
sm^l streams discharge themselves into the Atlantic, near the northern arms of 
the river Atrato. The expedition was formed in New Granada, and, after a toil- 
some exploration of several months, in 1865 the author succeeded in discovering 
a break in the Andes, at the upper course of the river Talela, which renders 
possible the long desired object. One of the chief obstacles anticipated was the 
opposition of the suspicious and warlike Indian tribes ; but M. de Puydt, by judi- 
cious management, contrived to enlist their goodwill so far as not to oppose his 
designs, although they refused to afford him any assistance or information. 
Having landed his party and maUriel, he ascended the Tanela as far as practi- 
cable, and then proceeded to clear a pathway through the dense forest towards the 
Cordillera. The laborious task occupied al^ut a month. The author then (Au- 

r t 25), with six companions, left the track, and threaded the forest to the SieiTa 
Mali, and in the course of a few days came upon a break in the lidge, ele- 
vated only from 100 to 140 feet above the sea-level. The gap was traversed, and 
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from it an uninterrupted view was obtained over the level plains of Darien towards 
the Pacific Ocean. The Tanela was found winding tbrough the pass, and the 
stream was ti*acked down towards the level country, and observations taken of tho 
velocity of its current, so as to obtain data for a calculation of tlio height of the 
pass. The paper entered into ample details on the physical geography of the At- 
lantic side of the Isthmus, on the soundings in the Gulf of Uraba, into which the 
Atlantic end of the future ship canal will disembogue, and on the climate and 
natives. The expedition returned to Carthagena on the 3rd of September, 1805. 


Account of the Wild Indiam inhahitinff the Forests of Iluanta, Peru, 

By Professor A. il umondy. 

These Indians belong to the tribe of Campos, or Antis, and are found scattered 
through the forests of Chunchamayo, .Jauja, Pangos, Huanta, and the valley of 
Santa Ana, near Cuzco. They occupy the country along the shores of the rivers 
Santa Ana and Tambo, to the point at which they unite to form the Ucayali, where 
the territory of the Chontaquinros ccmmenccs. 1 ne Campos are of medium stature, 
although some few are tall : one man measured six feet (Spanish) in height. Tho 
head is dolichocephalic. They have prominent cheek-ljones ; nose of Roman type, 
but slightly turned up, and with thick septum ; eyes lively and expressive, not well- 
opened, and rather oblique. The females have white teeth j but in the men the 
teeth are dark, caused bv their continually chewing the bark of a species of Bigiio- 
nia. The men have little or no beard. The haij* is black. Tho colour of the face 
is reddish or olive -coloured ; but in children it is nearly whitt\ The Campos clothe 
themselves with a wide and sack-like garment of cotton, neatly woven by the 
women, sometimes having stripes of a reddish colour. It readies down to the 
ankles, and has sometimes attached to it a kind of hood for the head, made of tho 
same material. Wherever they go they carry with them, slung over the back, 
a large cotton bag, the chnqui^ which contains all their worldly treasures, and is 
sometimes ornamented wdth the gay-coloured feathers of birds. The bag invariably 
contains a bamboo box filled with anatto paste, with which they besmear their 
faces from time to time, so that the natural colour of the face is seldom seen^ the con- 
tinual painting of the skin with stripes and v'arious patterns of rod imparting a per- 
manent red tinge to the countenance. Their dwelling’s are small and reduced to a 
mere thatch, some five or six yards in length by four in width, supported on poles 
fixed in the ground. Under these is the .sleeping apartment, — a conical hut, made 
of a matting of palm-lea\ es, and looking like a hen-coop. In this confined space, 
which is almost hermt'tically closed, tliey sleep, five or six together, apparently 
piled one on tho top of another, to protect themselves, as they say, from the bites 
of bats. When the niglits are clear, and the Campos are near lh(‘ shores of a river, 
they leave their huts and shn'p in tlie open air by the side of a fire, lying naked on 
the ground, and wrapping their feet in their bags. Whenev er the author arrived 
at a hut, the Campo hus1;and w^ould always make a sign to his wife, wdio then 
brought pine-apples or cooked yucas for the guf*.st. Their main food is boiled and 
roasted yuca (the root of Manihot utiUssima)^ and fish or beasts of tho chase, as 
peccaries, and monkeys of \ arious spc'cies. Their languag-e is soft to the ear, being 
full of vowels, and nearly all the words ending in e, ?/, or o. Their mode of speak- 
ing is gentle, often in a singing tone, as if supplicating. There art' times when their 
manner of taMng is very different, and in a loud tone of voice. This happens when 
they have not seen one another for a long time. Descending the Apuriraac, on his 
journey to ascertain its point of junction with the Mantaro, the author arrived one 
night at a Campo’s hut. His p^ty had hardly landed, when the Campos who ac- 
companied him commenced a loud parly with the owner of the establishment. 
The conversation was long, and sustained at a high pitch of voice, lasting till day- 
break the next morning. The subject of conversation was a recital^ even to tne 
most trifling matters, of everything that had occiirred to tho parties since they last 
met. The Campos count only up to four; when they want to expwss la^er 
numbers, they hold up their hands, feet, and pieces of stone. As to their religion, 
no idols or ceremonies were observed. They do not take any care of their dead ; 
stones are tied to the corpse, and it is then tnrown into the nver. If, when eating 
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yuca or plantain^ the ants eat the rind, they believe the person who has partaken 
of the food Will fall ill. They no not show tne humility oi demeanour which is seeii 
in Indians of the Quichua rnce ; they are more manly, looking you straight in the 
face when speaking. The author paid some attention to the form of the cra- 
nium in these Indian tribes. When studying skulls of ancient Peruvians, taken from 
the HuacaSf or tombs on the coast, his attention was drawn to the position of the 
orifice of the ear, which, fiar from being situated more towards the posterior part 
of the cranium, as in European nations, appears to be carried forwara towards the 
front. Applying this same observation to the crania of the wild Indians now ex- 
isting, he noticed a great resemblance to those of the ancient race ; both show a 
greater development of the posterior part of the brain than of the anterior. His 
mode of measurement was by striking three perpendicular lines, with the skull in 
profile — one passing by the most salient part of the forehead, another by the orifice 
of the ear, and the third by the most projecting part of the back of the skull. In 
a Oampo skull, the breadth of the ante-auricular part was 76 millimetres, and that 
of the post-auricular part 92 millimetres. 


On the VlaMis of Mount Pindus. 

By Major Robert Stuart, C.R., 

There are fair grounds for believing that the Pindic Vlakhs are descendants 
of one or more of those tribes which, in the fifth and succeeding centuries, were 
driven from their homes on the Lower Danube by tlie incursion of overpowering 
hordes from the north and east. Their language, although con'upt and debased, 
with alloys of Sclavic, Greek, and Turkish, still retains the essenti^ characteristics 
of a Latin dialect j and the syntax and inflections of the verbs still conform in a 
remarkable degree to the ancient model. Heads and faces of unquestionably Roman 
type are found amongst them. Sixty years ago there were about 500 Vlakhiote 
viUages, none very small, dispersed throughout the mountains of Epirus, Thessaly, 
and Macedonia. At present it would be difficult to reckon ^ hau that number, 
and the population nas dwindled to about 46,000 souls. Originally a pastoral 
people, they have gradually become traders, and most of their chief towns are now 
centres of commerce and industry. These are Vlakho-Livadhi, near Mount Olympus, 
Voskopolis of the Dessarets, Metzovo, Syraku, and Calabrites. In the beginning 
of the present century, Calabrites counted nearly 600 families, and it became known 
throughout the Levant for the industry, enterprise, and literary culture of its in- 
habitants. They were self-governed, and free of all Turkish imposts by paying a 
fiixed and moderate annual tribute. This state of things became changed a few 
years later, by the tyrannous intervention of Ali Pasha Tepeleni, under whose rapa- 
cious exactions the community rapidly sunk into poverty and ruin. The story of 
Calabrites is, with slight variation, that of most of the chief towns of the western 
Vlakhs. Metzovo was founded by a Vlakh colony as early as the tenth century. 
It now contains 770 houses, and is the chief town of the Pindic Vlakhs, For 
several centuries the Vlakhs have been staunch in their adherence to the Eastern 
Church. In every central village a school is maintained at the expense of the 
community, the course of instruction embracing modern Greek, readmg, writing, 
and the first rules of arithmetic. But education is confined to the male sex. The 
Vlakh woman is treated as an inferior being, and, from eaiiy years is habituated to 
drudgery and toil: she is naturally robust and handsome. Numbers of Vlakh 
women come every autumn to Janina, where they contend with the Jews ns streetr 
porters. Like all other pastoral tribes, the Vlakhs have their music j and their 
favourite instrument is a pipe ((^Xoy/pa), made from the wing-bone of a vulture, 
open at both ends, and pierced with six holes, all on the same side. The player 
inserts one end into the side of the mouth, and produces notes which may be voned 
from sharp and shrill to soft and pleasing. The nomade Scythians of old used to 
play on a similar instrument. The Vlakhs are superior to the Greeks in foresight, 
psrsevenmce, and application. The lineaments of the old race are not yet lost. 
Though quiet and inoffensive, when roused to action they give proofe of great 
daring ana enterprise. 
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On the Districts of Palestine as yet imperfectly eocplored. 
By the Rev. H. B. Tristram, F,LB, 


A Peruvian Expedition up the Rivers Ucayali and Pachitea. 

By Messrs. Wallace and Mayne. 

In June 1866 the Peruvian Government sent a steamer from their establish- 
ment at Iquitos, on the Upper Amazons, to ascend the Pachitea, an affluent of tlie 
Ucayali, with a view to ascertaining whether a free communication could be dis- 
covered by water to the town of Mayro, in Southern Peru, at the foot of the 
Andes, east of Lima. Two of the officers, Tavira and West, were killed and de- 
voured on the banks of the Pachitea, by the savage cannibal Indians of the Cashibo 
tribe j and in November of the same year a second expedition in three steamers 
was sent, with the double purpose of a\enging the death of the officers and com- 
pleting the exploration. The expedition was successful ; the Indians were severely 
punished, by an armed party landing in the forest and burning their villages ; and 
the steamers continued up the I^achitea and Palcazu until they reached Mayro, 
thus settling the practicability of a route by water between Mayro and the moutli 
of the Amazons — a di&tance of 3(323 miles. Mayro is said to be 325 miles from 
Lima, and the Government have ordered a road to be made between the two 
places. Mr. Wallace, one of the authors of the paper, is an English engineer in 
the service of I’eru. The lowest depth of water found on the journey was two 
fathoms, and the ri'v er in its narrowest parts was 80 fet t broad. 


Recent Discoveries in and around the Site of the Temple at Jerusalem » 

By Capt. C. W. Wilson, RJii, 

This naper gave a detailed description of the examination made by Lieut. War- 
ren of tne inclosure Ilaram esh Sharin’, which contains within its walls the site of 
the Jewish Temple, and, as some hold, also that of the Holy Sepulchre. With the 
exception of a deep hollow in front of the Golden Gate, a slight rise towards the 
north-west corner, and the raised platfonn in the centre, the smface of the area is 
almost level, and has an elevation of 2410 feet above the sea-level. During the 
progress of the survey a large arch, connecting the Ilaram area with the causeway, 
was discovered north of the Wailing Place. The arch is one of the most perfect 
and magnificent remains in the city. Much infonnation was also obtained con- 
cerning the ancient water-supply, wbicli was admirably arranged. The water was 
brought by an aqueduct from tlie Iteols of Solomon, and stored in rock-hewn cis- 
terns, witn connecting channels and arrangtmients for overflow. Several of the 
cisterns were found to be of great size, varying from twenty-five to fifty feet in 
height. 

Report of the Palestine Exploration Fund, By Capt. C. W. Wilson, R,E, 

This Report was confined to a statement of the manner in which the sum of £100, 
granted last year to the Fund by the British Association, had been expended. 
Half of it had been applied towards paying the expenses of Lieut. Warren, H.B.; 
who had charge of the second expedition sent out by the Society. The results 
might be stated as follows : the construction of a map, on a scale of one inch to a 
mile, of the highland districts of Judea, to the north-east and south-west of Jeru- 
salem j of the Jordan valley for about sixteen miles north of the Dead Sea ; and of 
a large portion of the plains of Philistia. These surveys, combined with those 
made in 1805-06 by Wilson and Anderson, gave, for the first time, materials for a 
correct map of more than three-fourths of the Holy Land, and do much towa^ 
removing tne reproach that no trustworthy map existed of this most interest^ter 
country. The second half of the grant, applied to the purchase of meteorological 
instruments, had been expended under the superintendence of Mr.Glaasher, and four 
sets of insfruments had been sent to difierent cities in Palestme. The olmrvatioip 
taken at these places will, combined with those taken at Jerusalem, form ^e basis 
of an accurate knowledge of the climate of the Holy Land, so remarkable in many 
respects. 
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ECONOMIC SCIENCE AND STATISTICS. 

Address hy M. E. Grant Duff, il/.P., President of the Section, 

Ladies and Gentlemen, — It lias been the custom to open the proceedings of this 
Section by an address, and it has been the custom that that address should be a 
brief one. I propose, with your permission, to follow both these good customs. 
This department of the British Association difters from the others. They are oc- 
cupied exclusively with the study of external nature. We are occupied, as has been 
truly said, with external nature only in so far as it exerts an influence on the 
human mind. They treat of physical sciences. Our Section throws its roots, so 
to spealc, deep down among the physical sciences, but is itself devoted to moral 
science. Looked at in an oilier light, our pursuits form the debateahle land between 
the men of thought and the men of action. In theory, of course, we are given up 
exclusively to the examination of thinys as they are to science. But do we not 
continually stray over the border line, and wander into the consideration of things 
as they should 6c into the domain of the art of legislation and Government? Those 
who are familiar with the proceedings of this Section will not, I think, say No ; and 
this intermediate character of our department accounts, I suppose, for the fact that 
it is from time to time presided over by Members of Parliament, who, votaries of 

g ractical politics, cannot pretend to be teachers of the sciences with which this 
ection is coiiceniod ; cannot even pretend to be the fellow-labourers of some 
whom I see around me, but are content be in this field their disciples and fol- 
lowers. The British Association, founded in 18dl, was one of the results of that 
gi*eat upheaval of the national mind, of which the political change which makes 
the year 1832 so famou'^ was perha})s the most conspicuous symptom. The founda- 
tion of the Statistical Society, and of our own Section, both of which I trust have 
done something to help on the forward movement of the time, came shortly after- 
wards, and the latter of these events must have very nearly synchronized with the 
commencement of that remarkable reactionary movement, which, taking its rise in 
the common room of Oriel, lias since so widely and variously influenced English life. 
An eminent living writer might find uerhaps in this fact another illustration of the 
operation of Systole and J)ia‘<tole in iiuman affairs. Up to 18oG, this Section was 
exclusively occupied with statistics. In that year, the centenary of the publica- 
tion of Quesnay’s Menbnes Generates., and 80 years after the appearance of Adam 
Smith’s great work, the kindred subject of Economic Science was wisely added 
to onr proOTamme. Now, then, we are the Section of Economic Science and 
Statistics. What do these t(Tms mean, and with what sort of subjects will chance 
visitors who stray into these regions from more popular Sections find us dealing 
during the next few days ? They will find us, in our character of students of 
Economic Science, dealing with all the phenomena which attend upon, and the 
principles which regulate the production, the distribution, and the exchange of 
wealth. If they are quite unfamiliar with those inquiries, they may come preju- 
diced against us as cold, and hard, and selfish. We deserve, gentlemen, no such 
character. The considerations to which we call attention, the laws which we 
point out, must be taken account of by the most humane and bj^the most imagina- 
tive, if their attempts at world-bettering arc not to shiver against the realities of 
life. All human society, as has been well "said, rests on a material foundation, ^‘and 
beneath all systems of (Jovernment, and all schemes of public morality, there lies 
the science of the wealth of nations,” The laws which wo enunciate are no more 
and no less hard or imperative than any of the laws with wliich other Sections 
have to do. What,” asked Mr. Mill in the House of Commons last year, ^Gs 
more unfeeling than the attraction of gravitation ? ” If, however, gentlemen, we 
claim for Economic Science a very high place, we do not exaggerate its importance. 
No wise economist ever protended to explain more than a very limited number of 
the complicated problems of society and life. No wise economist ever laid himself 
open to the denunciations levelled by M. Edgar Quinet in his recent brilliant work 
on the French Revolution against tliose who fondly fancy that they can account on 
economical principles alone for that great moral and political earthquake. There 
surely never w’as a time in which it was more plainly necessary to popularize this 
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science. We are told by alarmists that one of the results of Beform will be, 
that many matters which were considered settled will be reopened, that Protec- 
tion will again raise her head, and that the ghosts of old fallacies will come back 
to ^bber in the House of Commons. I am one of those who think such fears 
wildly exaggerated ; but surely the mere possibility of our people lapsing into 
heresies such as those which have seduced men of our race in America and Aus- 
tralia should warn us to difliise far and wide the broad results of Economic Science. 
It is to be feared that, even in circles where we might expect better things, there 
is a very considerable misconception about the real teachings of economists. Who 
can forget the opposition that w’as excited by Mr. Cobden’s negotiations in France, 
as if, forsooth, he of all men was going to be false to the principles by the advo- 
cacy of which he had put himself in the first rank of contemporary statesmen P Is it 
sui’prising that there should be so much hesitation about tne acceptance, I do not 
say of the mere fact of free trade, but of some of its consequences ? Count up the 
schools in which an attempt is made at gi\ ing even a glimpse into Economic 
Science. There are distinguished professors at both Oxford and Cambridge, but 
how many men are there who have the great English Universities with any 
knowledge of it P The Scottisli Universities do a ery little for this peculiarly Scot- 
tish science. I do not think 1 am wrong in b(‘lio\ing that no lectures on political 
economy are ever deli\ ered even in the most laborious and distinguished or Oxfortl 
Colleges, the college of Adam h5initb. Of the two economical questions to which 
your President alluded last year, as to those w liicli wiue, for the moment, chiefly 
occupying the minds of men — the qiie^^tion of our coal 8U])ply, and the state of the 
money market — the first will, no doubt, slumber till the rejxn t of the lioyal Com- 
mission is given to the world. The other still attracts attention, but the wheel 
has come full circle,” the periodical reaction has set in, and the vast pile of gold 
mounts daily higher, waiting for the spiiit of contidonce to return. Another econo- 
mical question has, however, come in these last few months into gveat and painful 
prominence. I allude, of course, to the question of Trades Unions, and to the rela- 
tions of capital and lahoiu. The unliappy contests h(' tween these natural allies is 
not the only joint in our armour. Many eminent men have been declaring that 
England is" falling behind other nations in the industrial race, and that a bettor 
and more extended technical education has become a necessity. All attempts, 
however, to give a good technical education will hrc'ak down if we do not imitate 
Switzerland and Germany in crt'ating a really good system of elementary and 
middle-class education. That is the soil inwliicli ti'chnical education must grow, 
and at present that soil is woefully thin in many places. Foituiuitely, however, the 
public mind is becoming familiarized with the idea t)f an educational rate; and 
if we have an educational late to assist the poorest, why not a system of graded 
schools to which all classes may repair if tlK‘y see tit, and through which a ladder 
may he built by which meiit may climb to tlie high places of society. How long 
wdll English farmers go on paying that the children of tlu‘ir labourers may bo 
educated better than their own P Amongst the measures of the late session, in 
which this Section may he supposed to take peculiar inter(‘st, w as the extension 
to all trades of the principle {)f the Factory Acts — these Acts which for more than 
one generation were so stoutly rc'sisted in tin* iuim(‘ of Political Economy, hut 
which enlightened theory approves and which e.\p('rience has justified. The 
comparative ease with which the hills of last Session passed was crc'ditahle to the 
Government, creditable to the interests aflectcd, and, above all, credifiiblo to Mr. 
Henry Bruce, the Vice-President of the Council in the late Administration, whoso 
abnegation of self in the willing support w'hich he gave to Bills with which his 
own name will not he associated, was as remarkable as it is, I fear, rare amongst 
politicians of any party. If it is easy to give a definition of our w^ork as students 
of Economic Science, which, although, of course, liable to be pulled to pieces by 
critics, may be taken as fairly correct, how different is the case with our work as 
Statisticians ? Who can define Statistics ? Quicquid agunt homines ” in so far 
as it is susceptible of being recorded and expressed numerically. That definitioxi 
might, perham be accepted by some, but there would be many gainsavers. Two 
sets of men long disputed as to which of them was most entitled to the name of 
Statisticians. Inore were those who considered Statistics to he equivalent to what 



184 


EB?OBT — 1867. 


used to lie called Political Arithi^etic.” Thei’c were tlioso wlio^ appealing to the 
etymology of the word Statistics, aud recalling the history of the science, thought 
that they, and thej alone, were entitled to represent themselves as the successors 
of the great Gottingen professors who first gave a systematic form to this kind of 
inquiry. The victory has, foy all practical purposes, remained with the first of these 
two bodies of disputants 5 that is to say, the science naturally tends to become 
more definite and precise, to restrict itself more and more within the circle of those 
facts which can be recorded and tabulated. The statistician has scarcely, perhaps, 
hod so many hard words thrown at him as his cousin the economist j hut he has 
all along been coupled with that impopular character in public disfavour. Those 
who know nothing else of Mr. Burke know his sentence about sophists, econo- 
mists, and calculators.” I even remember seeing it quoted in a letter from an 
innkeeper who had been remonstrated with on account of an extortionate bill. 
The statistician, however, no less than the economist, can say something in his 
own justification. Have not vital statistics done much to diminish the uncertainty 
in providing for families which used so mucli to increase the anxieties of the 
trading and professional classes? Have not sanitary statistics, even within the 
last few years, added very much to the length and comfort both of civilian and 
military life ? Have not judicial statistics done their part in leading the public to 
accept the doctnuo at which the most enlightened criminalists had already arrived 
hy other paths — that crime is best repressed, not hy severe, but hy rapid and certain 
punishment? Are not educational statistics at this very moment convincing all 
intelligent persons in Great Britain that we must at length make “a long pull, a 
strong pull, and a pull altogether,” to get at least a modicum of education con- 
voyed to the whole people ? And while I speak of educational statistics, it may 
not be amiss to recall one curious instance of the want of tliem which was lately 
pressed on tho attention of Parliament. A highly intelligent witness from Oxforu, 
examined before the Committee which lately sat to inquire into the educational 
system pursued at the two great English Universities, admitted that there w’as 
not at this moment any official document in existence from which the public 
could arrive at an idea, even approximately correct, of the vast revenues of 
Oxford and her colleges — revenues Avhich only required to be used in the spirit of 
her worthier sons to ninlie her incomparably* the most efficient, ns sho is incom- 
parably the wealthiest, university in the world. Surely it is monstrous that we 
can wuth tho greatest ease find the revenue and the expenditure of the Univeisity 
of Berlin down to the last dollar, and are unable to arrive at even a tolerable guess 
as to^ the revenue and expenditure of a similar institution in our own island. 
The importance of military and naval statistics need not be urged. Would tliat 
the most striking result of inquiries into them could he brought home to all minds ! 
Would that every one realized tho fearful loss wdiicli iho vast armaments now 
up are entailing upon Europe ! Would that the people of this quarter of the globe 
would awake to the danger of being surpassed in all the arts of peace by tlie great 
nation on the other side of the Atlantic I An American politician came bade 

i ast autumn from Prussia, declaring that it was impossible to wuillc ten yaids in a 
’russian town without meeting a soldier. An EIlgli^h politician came back at tlio 
same time from the United States, declaring that he had traversed the country 
from end to end without seeing even a single soldier. AVlien will monarchs and 
cabinets and popular assemblies learn that old wisdom of William III., that tliat 
nation will hold the balance of power which, in proportion to its strength, has 
economized its material resources to the highest point, and acquired the highest 
degree of moral ascendancy by an honest and consistent allemance to the laws of 
morality in its domestic policy and in its foreign relations?” It would not be diffi- 
cult to point out the obvious and palpable advantages that arise to the community 
from other branches of statistical inqiiiry 5 but, in truth, there is no peed, for cavil- 
lers would be silent, if not convinced, were it not that our own friends sometimes 
give an occasion to the enemy. To attempt to draw from statistical facts inferences 
which they will not bear — to resolve the whole play of social forces into a mere 
question pf numbers and averages — ^to pretend that figures goveniod the world, in- 
stead of merely helping us to understand how it is governed, is siuiply to iqj ure the 
which we profess to defend. Those who act in this way are almcst as bus- 



TRANSAmONS 09 THE SECTIONS. 


185 

ishievoiw as those whose recldess abuses of statistical methods haye given point to 
the sneer that nothing is So false as figures except facts — the Rigbys of politick 
life, who manipulate their figures with a view not to arrive at trufli, but to obtain 
a controversial success. There is no poorer triumph than such a one as this, for 
there- is none easier j unless, indeed, it be the triumph attained by fifth-rate theo- 
logians when they quote isolated texts against each other, and each remains, in the 
opinion of bis followers, the master of the unhonoured and unprofitable field of 
strife. It is, however, vain to argue against anything because it may be abused. 
Of course, a man who deals with statistics, in the spirit of the saying, Tant pis 

g our les faits,” can make them prove anything; but surely no saying can be fiu’ther 
•om being the expression of tlie temper of any man who has a right to call himself 
a statistician. Perfect openness of mind, a determination to receive every fact with 
egual favour, a determination to restrain not only all the ordinary disturbing pre^u- 
^ces, but even that love of hasty generalization which is charactenstic of many nno 
intellects, a spirit resigned to couect, one by one, the stones of the temple which 
a successor may build up, — ^these are the marks of a true student of this science. I 
have said something about popularizing economic science. Arguments not leas 
strong, though different, might be alleged in favour of popularizing statistics. It 
is in this department that we shall find the real value of those men whose habits 
of mind lead them to take what I may call the old view of the science^ the view 
which found favour with Schlbzei\ when he said, Statistics are history lu repose; 
history is statistics in motion.’' The miu'c the science, properly so calh‘d, with- 
draws itself up the heights of knowledge, the more necessary will it be to ha\ o 
messengers constantly passing to the plains below. It is satisfactory to see useful 
manuals of statistics Demg gradually multiplied and getting down into general cir- 
culation. The historical ‘ Almanach dc Gotna’ has been mother of a numerous pro- 
geny, amongst which not the least useful is the Belgian ^ Annuaire ' of Scheler, and 
its younger sister in our own country, the ^ Statesman’s Year Book.’ It is strange 
that, while France has in a kindred class of literature her excellent ^ Aimuairo 
des Deux Mondes,’ and Germany her ^ Europaischer Gelchichtskalondor,’ wo have 
nothing more cosmopolitan than our very parochial Annual Kegister. An idea 
which was some years ago put forward in the ^ Saturday lie view,’ that it would 
be expedient to bring out a series of politico-historical Companions to Mr. Murray’s 
hand-^ooks, has not yet been acted upon, but the realization of so reasonable a 
project is surely only deferred. One of the greatest attractions of this science is 
undoubtedly its international diameter. The first impulse of a statistician who 
has aiTived at what appear to him satisfactory results with regard to a group of 
facts and figures in his own country, is to see how his conclusions are aff’ectea by 
similar groups of facts and figures in other countries. In so doing, he is necessarily 
brought into connexion, not only with foreign knowledge, but with foreign men of 
activity and intelligence, and so becomes one more link in the chain that is binding 
into our great confederatiou the progicssivc nations of the globe.^ But I am for- 
getting that I promised to adhere to the good custom of being brief. ^ During the 
next week we shall listen to many papers upon most important subjects, both in 
our character of economists and statisticians. I trust we shall not only bring to 
all an open and unprejudiced mind, but recollect the precept of the Pyrrhonists, “B© 
sober, and rememW to doubt.” Working in this spirit, we may perhaps square 
a stone or shape a rafter which some future master of those who know ” may 
use in building up a system of politics which may do as much honoiur to the nine- 
teenth century after, as did that of Aristotle to the fourth century before tfie 
Christian era. 

On Productive Labour in Prisons as associated with the Reformation of Ori-^ 
minah. By Sir John Bowbino, LL,D., F.E.8, 

The author read a paper, accompanied by the statistics of twenty-one prisons in 
Great Britain, with tne puroose of showing that profit-giving labour in g^ls was 
an all-important auxiliary mr producing reformafion among criminals. He stated 
that the Act of Parliament in 1805, which was intended to regulate all the prisons 
of England, had left incredible incongruities, discrepancies, and contradictions in 
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various localities, and under the different opinions and practices of visiting magis- 
trates. He showed that the character of the law was far less influential than the 
mode of administration — that the statistics of prisons have no uniform character, 
no common system of accountancy — ^that the returns, when accessible, pe fre- 
quently unintelligible — that the amount of infliction and the mode of punishment 
depend much more on the practice of the local magistracy than on the award of 
the judges, and that parliamentary requirements are utterly inoperative where the 
inefficiency or resistance of prison officials are associated with indifference, putine 
habits, or erroneous notions on the part of the justices. A committee, of which Sir 
John was chairman, was established by order of the Court of Quarter Sessions in 
Devon, to ascertain whether, under the conditions of the existing Acts of Parlia- 
ments, prison labour could be made remuneratory, and at the same time reforming. 
The Devon County Prison presents one of the most remarkable instances of the 
utter waste of labour — of the repudiation of labour as a means of instructing and 
moralizing the convict — of the indiscriniinating application of what is called the 
deterrent system in all its bitterness and severity ; grounded on the theory that the 
criminal ought never to be the subject of pity, but only of punishment — that the 
prison is to be no school where hope is to enter, but a solitude where trades are 
to be taught — where industry is not to be encouraged — where there is to be nothing 
but isolation, profitless labour, and suffering. Country justices have not been 
remarkable for extreme sensitiveness ; but it might be expected that the desire to 
lessen the county rates, by getting something out of the sweat of the misdemean- 
ant, would have some iiiduence upon prison administration. 

The committee circulated two series of questions, one general the other special. 
The first was intended to elicit the opinions of those who had most attended to 
q^uestions of prison discipline as to the connexion between labour and reformation — 
the action of the cellular system — the use of the treadmill, and, generally, the prac- 
ticability of making labour profitable under present parliamentary requirements. 
The second question was intended to ('licit from various independent sources the 
results exhibited by the dilierent practices of diflerent gaols. 

The various returns attacliod to the Peiiort of the Devon Committee invite com- 
parisons and present contrasts which would seem impossible (as they are incredible) 
in n country subject to the same legislation, to the same in.spectoral system, a country 
of inquiry, and iii which the topic of prison discipline has been frequently discusseci. 
The simple truth is that the amount of independent action allowed to the county 
magistracy — the inability of the central autnoritv to cope with local influences — 
the “independence” and “irresponsibility” of justices of the peace — habits of 
routine — ^love of power — “ esprit de coips '' — fear of innovation and other sinister 
influences and interests have resisted reforms and maintained abuses to an extent 
beyond the power of calculation. Take one illustrative fact as regards cost. In 
the eomict prisons of Scotland the annual expenses per head are £7 less than in 
the convict prisons of England. Another as regards principle. In the sixty prisons 
in Scotland there is not a single treadmill ; tlu^re is a imanimity of opinion iin- 
frieiidly to its use. In the county of De\on at this moment a treadmill is being 
erected at an enormous cost, and with the declaration of the visiting justices, that 
it is not believed any profit can be made from it. 

The cost of crime in prisons is considerably more than a million sterling per 
annum ; the cost of crime out of prison is tenfold greater. The number of the 
criminaJi (Josses at large is thrice as gi*eat as that of the criminal classes in confine- 
ment. Ill JEngland the yearly not expense of the prisoner is more than double that 
of iWlce, more than treble that in the United States and in many of the best re- 
gulated European prisons. 

Prison discipline comes under two special heads, the vindictive and the refor- 
matory ; in other words, the instruments of pain and ph'asure, of fears and hopes to 
be applied to the eradication or diminution of crime. In some men the desire to 
punisn is stronger than the desire to reform; in some the desire to reform is 
stronger than the desire to punish. F^ound policy would connect the employment 
of both with a view to maximizing good and minimizing evil ; and labour is or 
ought to be the instrument for accomplishing each of these praiseworthy objects. 
Now, by the almost unanimous and emphatic consent of the highest authorities, 
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J roductive and profitable labour is more refonnatory than wasted labour. Sir 
obn Bowling brought overwhelming evidence of thi« fact, derived from a variety 
of sources, and from many parts of the world. It seems an almost universally 
recognized principle that mr short sentences labour of the severest and least remu- 
nerative character should be allowed ; that species of labour should be only intro- 
ductory to labour less irksome and more profitable. But howe\ er inviting, the field 
of investigation is too wide, and the materials for judg-ment too multitudinous, to 
allow of anything like an exhaustive exploration. 


On the Consumption of Opium, By Dr. Cuthbert Collingwoob, M,A,, F,L.S. 


On the ShiphaUdhuj of Dundee, By Henry Gouriay. 

Shipbuilding has long been an important branch of industry in Dundee, and 
even at the beginning of the present century the number of vessels built for 
coasting and over-sea trade was considerable. All these vessels were, of course, 
built of timber, and about the year 1S2.‘5 ’s\ere all propelled by sails. The num- 
ber and size of the vessels gradually increased, until about the year 1850, when 
wooden shipbuilding in Dundee may be said to Inu reached its niaximum. In 
that year Messrs. Alexander Stephen and Son built the ^ Eastern Monarch.^ This 
\essel measured 1848 tons, b.jm., was chussod 14 }ears A1 in Lloyd’s Kegister, 
and at the time was one of the largest, if not the largest, 'sessel afloat of this 
high class. It is now nearly thirty }ears since iron shipbuilding was introduced 
in Dundee. In the year 1 8.‘>8 Messiv. James (^mnicluud and (’o. built an iron 
paddle-steamer named the H^uledonia,’ intemded for the iLer trallic between Dun- 
dee and Perth. The same firm also built a small iron schooner. These vessels 
attracted considerable attention at the time, there being -very few iron vessels 
then fifloat. After building these two vessels, Messrs. Carmichael discontinued 
iron shipbuilding, but it w'as again taken up in 1810 by Mr. Peter Borrie, wdio 
built several iron paddle-steamers. Between the years 1842 and 1854, no iron ships 
were built in Dundee, and during this inter\ al other ports had commenced, and 
were carrying on the trade with \igour, so that, although Dundee was early in the 
field, this advantage was lost. In 1854,Mcssrs. (loiirlay Brothers and Co. commenced 
to build vessels of iron, and since that time the trade has steadily increased, there 
being now two firms which build entirely with iron, and one which uses iron for 
the framework. The following Table will show the tonnage of the various kinds of 
vessels that have been himiched in Dundee since the year 1801, and also the tonnage 
on the stocks in J ime of this year : — 


Wooden sailing-vessels laimched since 1801 10,070 

On the stocks, J line 1807 748 

11,421 

Wooden steamers launched since 1801 5,021 

On the stocks, June 1807 520 

— . — (i,l41 

Total tonnage of wooden \ esstds 20,5()2 

Iron sailing-vessels launched since 18()1 ....... . 5,002 

On the stocks, Juno 1867 1,00() 

{),008 

Iron steamers launch (‘d since 1801 11,0.50 

On the stocks, .June 1807 1,100 

12,480 

Total tonnage of iron vessels 18,551 

Composite sailing-vessels launched since 1801 .... 1,847 

On the stocks, June 1807 001 

2,448 

Total tonnage of composite \ cssols 2,448 


Total ions 41,504 
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The yi|}u0 pf the vessels represented by this tonnage is about £627fiOO sterling or 
£104,5^ annually, exclusive of the machinery fitted on board the steamers. The 
average pumber of men and boys employed in the shipbuilding yards is about 010. 
The materials of which tho vessels are constructed are generally brought from a 
distance. The iron comes from the north of England and Glasgow j the wood 
(except the oak, which is grown in the neighbourhood) from the Baltic, America, 
and India. The chains and anchors are generally manufactured in Newcastle, but 
the sailcloth and cordage are produced in Dundee. The cost of the carriage of iron 
and coal is a disadvantage that the Dundee shipbuilder labours under ; but it is not 
a very serious obstacle, as these materials can be can’icd at a cheap rate by water, 
pnd piere are advantages to compensate, so that there is no reason why shipbuilding 
may not be largely carried on in Dundee. Iron as a material for shipbuilding is 
here, as elsewhere, to a large extent taking tho place of wood ; for we find that in 
1853 there were no iron ships building in Dundee, but for the last six years the 
tonnage of the iron vessels has not been far short of the wooden ones, whilst there 
is nearly double tho tonnage of iron vessels on hand that there is of wooden ones. 


On the various Methods in which our cohiaye may he Decimalized — the Advan- 
tages and Disadvantages of each. By E. P. Fellows, F.S.A.^ F.S.S. 

This paper, after discussing the general principles that should guide us in choosing 
for adoption any methods of decimalizing our coinage, described at length the 
various plana that had been proposed. 

First. Wo could at once decimalize our money by adopting the American plan 
of coining a piece equal to 100 halfpence, or 4?)'. 2(l.j or a dollar j the halfpenny 
being equal to an American cent, and the 100 halfpence tlie dollar. 

Tiiis would bo a ver}^ simple method, but tho objections to it were, that the 
halfpenny was too high for our lowest coin (the farthing being much used by our 
poorer classes), and the dollar of 4.s\ 2d. was not sufficiently high for our largest 
coin. 

Secondly. There was what was commonly called the penny, tenpenny, and 
hundredpenny scheme — 1 penny being the unit or smallest coin, and lOOr/. or 
8s. 4d. tJio largest. The same objections applied to this as to the halfpenny and 
dollar scheme, and if we are to express farthings and halfpence, we still retain 
vulgar fractions. It had been suggested that the penny might be divided into ten 
parts, and also that by a slight change in value, this would bring our system into 
accoid with French francs and centimes; the centime being equal to nearly tho 
of a penny, and the JOd, to a franc. Tho evils and difficulties of this 
scheme were entered upon, and it was maintained that the tenth of a penny was 
too low for our lowest coin, and would cause an unnecessary number of figures 
to be written down. 

The third scheme discuased, proposed to commence at the half sovereign ; the 
shilling being tho tenth, the shilling being again divided into ten parts, and the 
tenth of a shilling again decimally subdivided ; the lowest unit being the||^tli8 
of the half farthing. 

The difficulties of the introduction of this scheme were stated to bo tho same 
as those of tho poimd and mil scheme, which was next discussed. 

The fourth plan, viz. the pound and mil scheme, proposed to retain th^resent 
soverewu, and to consider tnat, as now, the highest coin of account. Thus we 
shouhTnave the present pound, the florin as the tenth of the pound, a coin of 
the value of the tenth of a florin (between 2^d. and 2J^.), and the lOOOth of a 
pound, being ffths of the present farthing. 

This system would disarrange and throw out all our present copper coinage, 
and the burden of the change would consequently be thrown mainly upon the poorer 
and least educated classes, and therefore the least able to understand the new 
system, or to accommodate themselves to it. Rejecting the transition period, it 
was shown that the change would be nearly as difficult as to introduce an entirely 
new coinage ; for that out of the 960 sums that could be paid from one farthing 
to a pound, only forty, or about 4 per cent , could possibly be paid with the new 
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coina^ ; and out of the 1000 sums from one mil to one pound in Hie new system, 
only 40, or 4 per cent., could be paid with our present coins. The only sums that 
could possibly be paid with both the old and new money, would be 6c?., 1«., 1«. Oc?., 
and so on, by sixpences to a nound j none of the intermediate sums, from Jc?. to 
6|c?., from 6Jd. to life?., could be paid with new coins; and the same difficulties 
would occur in paying new coinage sums with old money, the present 6c?. being 
25 new rails, and"24 present farthings. This difficulty was of great moment and 
affected most of the Government departments, as, for instance, the Customs, 
Excise, and Postage duties based on our copper coinage, that is, on the ^d.y id. 
arid. Thus the Post-office would have to alter its charge for letters, and if 
(taking its gi’oss receipts at £6,000,000) it decided to charge 4 rails instead of Ic?. 
as now, it must consent to lose £200,000 yearly, the circulation remaining the 
same ; or if it charged 6 mils, then this would be equivalent to an additional tax 
on the people of £1,000,000 yearly. 

The same difficulties applied to bill stamps, receipt stamps, to railway, road, 
canal, and other tolls, and many Acts of Parliament relating to railway, canal, 
and other companies would have to be modified. It was shown that all the 
manufacturer’s price lists, both for paying their workmen, and for selling from their 
books of engravings with printed prices attached, would have to bo reprinted, that 
litigation and strikes with the men would probably ensue, and that it would be 
a very heavy tax on the manufacturers of this country. It was urged that it was 
unwise to import all those difficulties in addition to those that were inherent on 
the mere change itself to a decimal system. 

The author then pointed out that it was antagonistic to true decimalization to 
begin at the highest coin, and to call that the unit. The unit, like our numeration, 
should be the commencement of the system, and like it should begin with units, 
go on to tens, then to hundreds, and on to thousands. 

The author then went on to say. I now proceed to describe a system which I 
think overcomes the objections and difficulties 1 have mentioned as affecting the 
various schemes under consideration. 

In the first place, by the plan I advocate we get rid of vulgar fractions, ^d.y ^d.y 
}d. The unit begins at the proper point, viz. the lowest necessary coin, the 
farthing. We can retain in use during the transition period all tho coins we now 
have. We could use and write down either the present, or tho proposed now 
coinage, in pounds, shillings, and pence, as we do now, or decimally. No change 
need oe made in trading or in Government transactions. Those who chose coiilti 
keep their accounts as now, even if they received the new coinage; and those 
who chose to keep their accounts decimally, could do so, and could still enter 
decimally the old coinage amounts they received. 

begins at the farthing. It has been before suggested to begin at the farthing, 
but the system proposed has some novelties. I would then boldly at once cwl 
things by their right names, especially when these names will correctly denote the 
relation each coin bears to the rest, and when these designations will greatly 
facilitate the introduction of the decimal system. 

I would make a coin of the value of 


1 Farthing, and call it 1 unit. 

10 units, or 1 dccat, or 
a 10-iiiiit piece. 

100 units, or 1 centime or 
cent, or a hundred-unit 
piece. 

1000 units, or 1 mille or 
mil, or a thousand-unit 
piece.” 

The following Table shows the relation the system bears to our present 
the Amencon coinage, and gives all the coins that ^ould be introduced if 
plan were in full operation. At first, however, the coins required W0|ild pe 
mei’ely the 10, the 100, end 1000 unit- or farthing-pieces : — 


10 Farthings, 
JOO Farthings, 

1000 Farthings, 
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New system. 



1 

1 

Equal to 
American 
coins as 
below. 

Pieces to be eventually coined. 

Mil or 
1000 units. 

Cent or 
100 units. 

Becat or 
10 units. 

Units or 
farthings. 

Old English 
values. 

1 unit 




1 

In pence. 

or i 

In 

£ s, d. 
or 4 

4 cent. 

2 units 




2 

i 

.. i 

1 cent. 

4 „ 




4 

1 

„ 1 

2 cents. 

1 dccat or 10 „ 



i 

0 

‘■ii 

n 

5 cents. 

2 „ or 20 „ 



2 

0 

6 

5 

10 cents. 

4 „ or 40 „ 



4 

0 

10 

10 

20 cents. 

1 conl.or 10 „ or 1(K) „ 


i 

0 

0 

or 25 

2 1 

4 dollar. 

2 „ or 20 „ or 200 „ 


2 

0 

0 

or 50 

4 2 

1 » 

4 „ or 40 „ or 400 „ 


4 

0 

0 

1(K) 

8 4 

2 „ 

ImilorlO „ or 100 „ or 1000 „ 

T 

0 

0 

0 

250 

1 0 10 

5 „ 


The author proposed that at lirst merely the deeat, ceut, and mil should be 
coined, i, c. the 10, 100, and 1000 farthing -piece ; that it should be merely made legal 
and permissive to keep and sue for accoimts decimally in units and mils, it being 
still legal (till the decimal system was well known and introduced ) to use pounds, 
shillings, and pence. 

On the Leather Manvfacture of Dundee, By Peank Hendeeson. 

On the Condition and Progress of Scotland coynpared to England and Ireland 
in Population, Education, Wealth, Taxation, Crime, consump>tion of Spirits, 
Savings’ Panics, By Professor Leone Levi, F,S,A,, F,S.S,, Doctor of 
Political Economy of the University of Tubingen, 

The author came to the following results : — 1. That as regards population, Scot- 
land and Ireland are increasing at a much slower rate than England, the effect 
rather of a lower rate of marriages and an excess of emigration than of a larger 
mortality. 2. That in education Scotland stands in a higher position than England 
and Ireland. 3. That property is increasing faster in Scotland than in England 
and Ireland, the thriftiness and industiy of the people being made manifest in 
a larger accumulation of wealth. Between 1814-15 and 1864-05 the amount 
to income-tax increased in England at the rate of 128 per cent., and in Scotland 
at the rate of 153 per cent. Between 1857 and 1805 the amount so charged 
increased in England at the rate of 31 per cent., in Scotland at the rate of 33 per 
cent., and in Ireland at the rate of Iz^ per cent. 4. That as regards taxation, 
Scotland pays a larger pi’oportion of revenue now than at any former period 
relatively to Engand and Ireland. In 1804-00 the proportion borne was 78 8 per 
cent, by England, 11 *9 percent, by Scotland, and 9-3 per cent, by Ireland, against 
83*1 per cent, in England, 8*8 per cent, in Scotland, and 8*11 per cent, by Ireland 
in 1830-82. 5. That in so far as the relative amount contributed to the revenue 
can serte as a criterion for the respective number of members in the houses ot 
legislature, it appears that the altered proportion in tlie taxation borne by Scotland 
since the Union entitles her to a lai'ger representation than she possesses j whilst in 
proportion to revenue the relative number of members should ^61*9 England and 
Wales, 78 Scotland, and G1 Ireland. 6. That as regards pauperism, the number 
of persons receiving public relief in Scotland is less in proportion than in England, 
though much in excess of Leland ; a great difference existing in the proportions of 
paupers relieved in-door and out-door in the three countries. In 1800 the number 
of paupers in England was in the proportion of 4*38 per cent., in Scotland 4*01 per 
cent., and in Ireland 0*94 per cent, of the population. In England and Ireland, 
about 85 per cent, of the paupers were relieved in-door, in Scotland only 5*76 per 
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cent. 7. That the number of persons committed for trial for indictable ofienoes in 
Scotland is greater in proportion than in England and Ireland j and though she 
shows less propensity to offences against property, she stands in an unfavourable 
position as to offences gainst the person. In ten years, 1867-06, the average 
number of persons committed was, — m England 0*938 per 1000, in Scotland 1 11 per 
1000, and in Ireland 0*990 per 1000 of the population. The offences against the 
person were, — in England 12*10 per cent, in Scotland 29*43 per cent., and in Ire- 
land 37*31 per cent. The offences against property without violence were, — in 
England 74 per cent., in Scotland 48 per cent, and in Ireland 34 per cent. 8, 
That the common assumption that Scotland consumes more spirits than England 
is unfounded, when the quantity of spirits in all spirituous beverages consumed is 
taken into account ; and though we may congratulate ourselves on the diminished 
consumption of gin and whislcy, there is reason for warning in the fact that such 
diminution is more than counterbalanced by the greater quantity of spirits con- 
sumed in the other beverages, principally ale and wine. In 1866 the totm quantity 
of spirits consumed in gin and whisky, brandy, beer, wine, cider, &c., was in the pro- 
portion of 4*437 gallons per head in England, 2*984 gallons per head in Scotland, 
and 1*631 gallon per head in Ireland. Of British and foreign spirits there were 
consumed, — in England 0*864 gallon, in Scotland 1*847 gfulon, and in Ireland 
0*857 gallon per head. Of spirits in beer, 3*393 gallons per head in England, 
1*050 gallon per head in Scotland, and 0*710 gallon per head in Ireland. Between 
1857 and 1866 there was an increase in the consumption of spirits thus calculated 
of 12^ per cent, in England, 23 per cent, in Scotland, and 8 per cent, in Ireland. 
9. That during the last ten years the change in the habits of tlio people as regards 
the consumption of spirituous beverages was as follows : — 


Spirits 

Spirits in beer . . . 

England. 

Per cent, 

1857. 18(J6. 

. . . 21 20 

Scotland. 

Per cent. 

1857. 1866. 

77 62 

Ireland. 
Per cent. 
1857. 1866. 
68 53 

... 76 

76 

21 

36 

30 

44 

Spirits in wine . . . 

... 3 

4 

2 

3 

2 

3 


100 

100 

100 

300 

100 

100 


10. That in so far as the savings of the working classes are represented in the 
capital deposited in the Savings’ Banks, the amount per head m Scotland was 
lbs. 5d., in England 37.s. 5d.. and in Ireland Os. 6d. per head. 11. That the passen- 
ger traffic on the British railways in 1865 was in the proportion of 23,400 per mile 
in England, 10,000 in Scotland," and 7200 in Ireland — the proportion travelling by 
third-class being 76*41 per cent, in Scotland, 68*60 percent, in England, and ^*86 
per cent, in Ireland. 12. That the number of letters delivered by the Post-office 
was in the proportion of 28 per head in England, 21 per head in Scotland^ and 
10 per head m Ireland ; or in the proportion ot 47, 36, and 17 per cent, respectively. 
13. That, as a whole, Scotland appears to be advancing rapidly, her position in the 
United Kingdom being of considerable importance ; whilst, if we add that in pro- 
portion to the number of her people she has contributed, and does contribute, a large 
share of eminent statesmen, lawyers, military officers, men of science, and merchant 
princes, we cannot resist the conclusion that the Scotch possess in a high degree 
that energy of character, persistency of will, and boldness in action which have 
rendered Britain supreme among the nations of the world. 


On the Obstacles to the Utilization of New-Zealand Flax, 

By W. Lauder Lindsay, M,D,, F.2LS,E,, F,L,8, 

The author’s propositions are based on 

1. The results of observations made during a tour in New-Zealand in 1861-62. 

2. A study of the voluminous literature m New-Zealand flax j and 

3. A previous study (ten years agoj of the general subject of foreign fibres as sub- 
stitutes for those currently used in this count^ in the textile arts. 

He assumes — 

1. That the value of New-Zealand flax — as a fibre suitable for the xnanulactiire of 
cordage, textile fabrics, and paper — has been established. 
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2. That in Eutope alone thete is practically an f^nlimited daiiiand for this class of 
fibre. 

8. That in order to such fibre as New-Zealand flax becoming marketable, 

A* The supply must be both regular and large. 

B. The quality must equal that of the fibres which at present command 
the market. 

0. The cost of production must be such as to leave a considerable margin of 
profit on its market price. 

4. That hence any candidate for preference in the fibre market must submit to be 
rigorously tested by the following standards : — 

A. Amount and regularity of supply. 

B. Quality. 

C. Market price. 

The utilization 01 New-Zealandflaxhas been stimulated in every conceivable way, — 
by the self-interest of colonists and colonial governments ; by the attraction of sub- 
stantial government rewards ; by the high prices offered in the British market for 
good samples of dressed fibre ; by industrial exhibitions throughout the world, includ- 
ing New Zealand itself ; by the perennial encouragements of the local press. So 
long ago as 1850, the general government of New Zealand offered premiums to the 
extent of £4000 for the production of a marketable fibre; the provincial government 
of Canterbury subsequently offered a bonus of £1000 with the same object ; and 
still more recentlv, that oi Otago has promised a honorarium of £500 fbr the pro- 
duction of a marketable paper from New-Zealand flax, or other indigenous fibre. 
None of these premiums has yet been gained. Infinite have been the experiments 
instituted, the patents taken out, the efforts made to produce a maiketable fibre : 
while at least ojie special book, printed moreover appiopriattdy on New-Zealand flax- 
made paper, has been devoted to the subject. Nevertheless no progress has been 
made beyond the products of the crude ait and hand-labour of the Maori with his 
simple mussel or cockle shell ; if, indeed, his results have been rivalled by the best 
specimens of cohmial art. The endeavour to give New-Zealand flax a permanent 
and satisfactory place in European commerce has hitherto been a signal failure. 

The author’s object is to discuss the causes of tliis failuie — to indicate the combi- 
nation of circumstances that has hitherto operated in pievt'iitingthe practical appli- 
cation in the textile arts of a fibre acknowledged by all authorities to possess a nigh 
value. 


The author’s main propositions are the following : — 

I. Amount and regularity of supply. 

A. There cannot be a sufiiciently large or regular supply to meet the require- 

ments, either of the local or European market, till 

1. The plant is systematically cultivated. 

2. Labour is more abundant and cheaper. 

B. It remains to be determined by experiment on the large scale : — 

1. What are the most suitable forms and circumstances of cultivation — in 

reference especially to such practical and important points as (a) the 
kind of soil, and (h) the artificial aids to growth. 

2. What are the methods of cultivation most suitable to those Botanical 


species or vaneties which possess the finest quality of fibre. 

8. What is the best time for cutting down and preparing the leaf. 

11. Quality of the fibre. 

A. Varies in different sjsccm' of Phormium and different varieties of P. tenax. 
But it has yet to be determined what species or varieties yield the finest 
qualities of fibre, whether in the 
«. Cultivated, or ) , . 


«. Cultivated, or 
h. Wild 


I plant. 


B. Is improved by cuUtvaHon. 

This has long been recognized by the Moories, who cultivate, solely for 
its fibre, tne New-Zealand tiaX plant as carefully as tiiey do their 
maize or potato as food-plants. 

III. Cost of production and market value. 

The present scarcity and high vtdue of labour in New Zealand render the co^ 
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of coUecting tlie wild flax plant, of preparing the fibre, and of transpditing it 
to seaports too great to enable the colonist to offer dressed flax in the hltiropean 
ma^et at a price nearly equal to that of Russian flax and othef similar flomsi 
with which it must compete. 

The cost of proper cultivation of the plant and proper preparation of the fibrO 
imder present circumstances would be still greater. 

IV. Suitable processes, chemical and mechanical, have yet to be devised for 
dressing, bleaching, and dyeing the fibre. 

It has been obviously a common error of experimentalists to Conclude that the 
processes and machinery, which have proved successful in preparing ofAer fibres, 
should be equally suitable and successful here. 

V. Not onlv nas New-Zealand flax to compete with many fibres of established 
reputation, which are easily and cheaply produced in countries where labour is 
abimdant ; not only, as regards paper-making, must it enter the market against 
rags and other waste products of civilization, which are necessarily greatly cheaper 
than a dressed fibre : but it will have to compete with hundreds of fibres of equal, 
or nearly equal, value, which abound in all our warmer colonies, and occur gene- 
rally throughout temperate and warm parts of the world, whoso applications will be 
developed in proportion as colonization progresses, and as chemistry and mechanics 
are brought to bear on processes suitable for their preparation*. 

VI. Labour is likely to become cheaper and more abundant in other colonies 
than New Zealand, which are quite as rimi in fibre-producing plants, while the diffi- 
culties attending the separation and dressing of the fibre will probably be more 
speedily overcome in the case of these other plants and fibres. 

VII. There is tlieiefore no good ground for the too sanguine anticipations of colonists 
and colonial governments as to the future hiL^h value of New-Zealand fiax as an 
article of colonial export. Present data merely afford encouraging gromids for ca- 
perwmii, 

VIII. One of the most hopeful directions of ed 2 yerimcnt is the Acclimatization of 
the New-Zealand flax plant in countiies suited for its growth, where labom* is 
cheaper and the advantages of chemical and mechanical skill are more readily 
obtained. 


Employer and Employed — Capital and Labour, By Patrick Matthew* 

On the Confectionery and Marmalade Trade of Dundee, 

By CuAiiLEs C. Maxwell. 

It is between sixty and seventy years since Dundee marmalade was first manu- 
factured as an ai’ticle of commeice by the late Mr. James Keiller, and then mer^y 
to supply the local and district demand. Gradual^, however, the area of its sale 
extended, not only throughout Scotland, but into England and Ireland, untU now, 
when it may he said that the whole British Isles, a considerable portion of the Con- 
tinent, and even our most distant colonies, are supplied with it. To give an idea 
of the extent of this trade, the author stated that the quantity of marmalade made 
in Dundee at the present time amounts to above 1000 tons annually, for the pro- 
duction of which more than 3000 chests, equivalent to COOO boxes, of the i^nest 
bitter oranges are used. These are imported from Seville, as it has been found 
that the oranges pown in and around that city possess a peculiar and agreeable 
aroma, winch renders them better adapted for tne puipose tnan those of any other 
district either in Spain or Italy. V iien the marmalade is prepared, a sufficieiit 
quantity of sugar is added, to preserv'e it thoroughly, without m any degree im- 
pairing the flavour. The author stated that about fcur hundred persons are directly 
employed at the Dundee confectionery works, and occimation is furnished to many 
others in connexion with them. For example, one oithe Newcastle potteiiea la 
to a large extent engaged in taming out the well-known printed jars for marma- 

♦ Investigations made in 1858 led the author to the conclusion that flbre*produ^nj| 
plants abound throughout all parts of the world that support a pbcenogamic vegefillion & 
all rich or varied : Vide “ Substitutes for Paper Material,^’ Scottish Beriew, Oolober 1806 
and January 1859. 
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lade. Of tliese there are about one and a half million required every year, costing 
upwards of £6500. The marmalade season, as it mfw be called, that is the periott 
during which all that is required of this preserve for the year’s supply must be 
made, usually continues about four months, viz. from the beginning of December 
to the end of March. The author mentioned that the word marmalad^” is 
supposed to be derived from an Indian fruit not unlike the orange, called the 
J^e 'inarmelosy or Indian Bael, from which, at one period, a similar conserve 
seems to have been made. Besides orange marmalade, other preserves from 
fruit are extensively manufactured in Dundee, considerable quantities of fruit 
being grown in the neighbourhood, althoimh far from sufficient to supply the de- 
mand. The manufacture of confections is also carried on on a very large scale, and 
embraces an immense variety of lozenges, comfits, candied peels, &c. The author 
stated that, in most of the processes connected with the production of these, care- 
fully-constructed steam-machinery is now successfully emnloyed j and the result 
is a degree of finish, quality, and cheapness which hand-labour could never have 
attained. The quantity of sugar, chiefly refined, used for the confections, manna- 
Inde, and preserves, made in Dundee, it would be difficult to estimate ; but it pro- 
bably amounts to 2000 tons annually. 

It may be asked whether this is a healthful occupation to the persons engaged in 
it ; and that question can, it is believed, be confidently answered in the affirmative. 
It has been ascertained that working among sugar and fruit is not injurious 
to health, but the reverse, especially when care is taken that the" temperature in 
the work-rooms is duly equalized and cleanliness and ventilation constantly at- 
tended to. 


On the Utilization or more Profitable Employment of Male Convicts. 
By James Oldham. 


On the Enylneerlng Manufacture of Vumlee. By James G. Orchar. 

The author enumerated the firms engaged in the production of steam-en^nes, 
general millwright work, and spinning, ;,wea\ ing and cloth-finishing machinery. 
The invention of the fan blast or blowing machine, for heating and melting 
iron, by Messrs. James Carmichael and Co., of Ward Foundry, was described at 
length, and the in^'ention of a marine re^ er&ing gear by the same firm was also 
referred to. 

A photograph of the first locomotive, made in 1833 for the Dundee and New- 
tyle Kailway, was exhibited. 

The author next described the invention of the air-engine by the Messrs. 
Stirling, and concluded his paper witli an account of the early engineering and 
millwright work in Dundee, and statistics of mill-machinery. 


On the Prevalence of^^ Spedahhefi or Leprosy y in the Khu/dom of Norway. By 

Henrv J. Ker Porter, M.li.I.A., Meiriher of the Philo sophical Society of 

New South Wales. 

During a tour in Norway last year (1800), the author visited the Leper Hospitals 
at Molde and Bergin, and learned that the disease is incurable. Although the 
disease is neither infectious or contagious, one naturally shrinks from contact with 
these poor sufferers. Many of the patients whom the author saw were similarly 
affected to those seen by him at Calcutta and around the outer walls of Jerusalem. 
Some, whose fingers were contracted, were quite devoid of feeling in their hands ; 
others were suffering from tubercular leprosy. He was assured by the resident 
Governor at Molde that there were many truly religious persons amongst those 
patient sufferers. Those who hod the use of their hands were occupied in making 
fishing-nets, or prejparing fine cord for that pmpose. The disease is hereditary; 
and though it will occasionally pass over one or two generations, it will appear in 
a second or third one. Few will be prepared to learn that in Norway there are 
above 2000 lepers, as vdll be seen from the following abstract from the official 
returns furnished to the Government. 
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JRejpori of the known number of lepers in the kingdom of Norway on the last 
Nine Census taken^ including hospitals. 


1866 Total number of cases 

... 2113 

1867 

if 

if .... 

... 2060 

1868 


„ .... 

... 2082 

1869 

}) 

if • • . . 

... 2096 

1860 

ff 

,, .... 

... 2068 

1861 

ff 

if • * . • 

... 2096 

1862 

ff 

,, .... 

... 2119 

1863 

yf 

,, .... 

... 2162 

1864 

if 

„ .... 

... 2182 


The author exhibited ve^ finely-executed coloured engravings of the patients who 
were in the hospital at Bergin, and read an extract from a valuable work by W. 
Boeck, Professor of the Faculty of Medicine at Christiania, and D. C. Banielssen, 
Doctor en chef” at Bergen, showing that the bad food and clothing and lodging 
tended to the increase of leprosy. 

On Arbitration in the Nottingham Hosiery Manufacture, 

By E. Renals. 


Statistics of the Social Condition of Dundee. By A. Robertson. 


On the Funds available for developing the Machinery of Education. 

By Professor J. E. T. Rogers. 

Analysis of the Report upon the state of the Empire of France, presentedf to the 
Senate and Legislative Body, February 1867. (Exposition de la situation 
de V Empire, presentee au Sinat et au Oo)ps Ugislatif, Fivrier 1867.) By 
Colonel Sykes, M,P., F.R.S. 

This report contains in detail the statistics and past progress of every department 
imder the Government and gives a perspicuous and authoritative statement of the 
French Empire up to February 1867, in all its political, commercial, and social rela- 
tions, everywhere testifying to progress, and to a gradual relaxation of the old cen- 
tralizing system, and to opening up in a liberal spirit commercial intercourse with 
foreign countries ; the prosecution of geographical research in different parts of the 
world, and the patronage of literary and scientific objects at the public expense, is 
very marked. 

On the Population and Mortality of Calcutta. By P. M. Tait, F.S.S., F.R.O.S. 

After describing Calcutta, the metropolis of British India, the author gave some 
interesting statistics, chiefly taken from a report in the census of Calcutta for the 
year 1866, and signed by A. M. Dowbans, Vice-Chairman of the Justices of the 
Peace for the town of Calcutta. The population of Calcutta is estimated at 377,924, 
and in 1860 the population was estimated, from a survey made at the time, at 
363,567. Great difimulty was experienced in getting up the last census, in conse- 
quence of the prejudices of the natives, but these were eventually overcome and a 
pretty correct approximation was got. There were 58,892 houses in Calcutta when 
the census was taken. The population of Calcutta is distributed as follows 
Europeans, 11,224,* Mussulmans, 1 13,059 j Hindus, 239,190 ; the remaining popu- 
lation is made up of Eurasian Greeks, Armenians, Asiatics, Jews, Parsees, Amcans, 
and Chinese. The suburbs of Calcutta are estimated at 2^,000, making the grand 
population of Calcutta not under 029,924. The highest age attained in reference 
to each class was Europeans, 87; Eurasians, 104; Armenians, 84; Jews, 88; 
Musulmans, 100 ; and the Hindus, 116. The mortality of Calcutta, according to 
creeds, is Christiana, 6*19 ; Hindus, 6*41 ; Mussulmans, 6*83. From a report by 
the he^th officer of the Census Committee, it appears that there were in lo06, 304 
deaths amongst an abrogate European population of 11,224, the mortality being 
thus at the rate of 2*71 per cent, but these figures should be taken with reserve, 
1867. 10 
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as few Europeans remain to die In Oaloutta. That wWoh materially swells the 
mortality of Calcutta Is the death*rate prevailing amongfst common soldiers 
sailors who go ashore into Lall Bazaar and other places of resort, and drii^ng 
aiTack and other vife compounds, staggering out and remaining in the open air all 
night, thus bring on almost certain death. In concluidom the followmg is the 
death-rate per centi per annum amongst various classes in India according to dif- 
ferent authorities {»-rBengal military, li-om 1800 to 1847 (Nelson), 2*40 ; Madras 
military, from 1808 to 1840 ^avies), 8-28 ; ^Madras military, from 1808 to 1857 
(Brown), 311; Burmpean soldiers, from 1800 to 1856 (Fan*), 6*68; Eurasians, 
from 1837 to 1851 (Tait^, 2*47. In estimating a comparison of European mor- 
tality in India, an essential element is the period of time embraced in the obser- 
vations. Thus the death-rate during the first quarter, or even half, of the present 
century, is no just criterion for future guidance, A great change for the better 
has taken place within the last ten years, and Englishmen may now settle in India 
with much less cause for apprehension than prior to the era of railways and the 
establishment of the erlana route. 

Observations on Community of Language^ and Uniformity of Notation y Weights, 
Measures, and Coinage, By P. H. Thoms. 

On the Linen Manufacture in Dundee and its Neighbourhood, 

By Alexander J. Warden. 

In Dundee the linen manufacture now embraces cloth made of jute, os well as of 
flax, and both fabrics are called linen.” Linen was made in Egypt at a veiw 
remote period, and the manufacture descended feom that wondrous land through 
Greece, Rome, and Flanders to Britain. In Scotland the linen manufacture was 
for many ages of an entirely domestic character, and it extended over the length 
and breadth of the country, Dundee engajjed in the linen manufacture long 
time ago and since the introduction of mill-spinning, about 1700, if not before, 
it has been the groat seat mid centre of the linen trade of Sootlandt Until about a 
century ago the material chiefly spun was flax of native growth ; but foreign flax 
then be^n to be imported into Dundee, principally from Russia, and now almost 
the whole of the flax consumed in that town and neighbourhood Is from that 
country. About 1830, a new fibre, of Indian growth (jute), began to he used, and 
though it made little wa}^ for a time, it rose in favour as it became better known, 
and now it is the great staple of the town. The rapid increase in the consump*- 
tion of this fibre is remarkable. In 1830 it was 300 tons; in 1846, 0200; in 1856, 
81,000 ; in 1860, 62,000 ; and this year (1867) it will exceed 65,000 tons, or about 
500,000 bales. The consumption of flax in Dundee has not varied much for the past 
few years, it being about 24,000 tons, and of hemp 1000 tons, making a total of 
90,0()0 tons per annum. In the district around Dundee, about 87,000 tons of flax, 
2000 of hemp, and 1000 of jute, in all 40,000 tons, are consumed annually. The 
total oonsumption of flax, jute, and hemp in and around Dundee is now, therefore, 
about 130,000 tons yearly. The cost of the raw material used in Dundee is about 
£2,500,000, and in the district around £1,750,000; together, £4,250,000. This 
material is spun into yam, and the greater part of the yarn is woven into linen in 
the district. The total annual value of these commodities exported fk>m the town 
and district is estimated at £8,000,000. The nominal horse-power, number of spin- 
dles and power^looras, and the number of persons employed in the Bpinning-railjs 
and power^loom fectories in Dundee and in the district around, and also in the 
other parts of Bcotland, at Ist September 1887, were as follows, viz.-^ 


Horse- Power- 

District. power. Spindles. looms. Employees, 

Dundee 6822 202,468 7002 85,310 

District around .... 0200 101,462 10,161 28,876 

Togethei 12,118 893,918 18,143 flZiis 

Other parts M40 OS^eOl 1774 13,010 

Total 14,962 487,670 19,917 77,196 
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In addition to the persons employed in the mills and iketorieS; there are about 
20,000 people eng^ed in hand-loom weaving, &c., and in the auxiliary branches 
of the linen trade in Dimdee, and perhaps 10,000 in the other districts, making the 
total number of persons engaged in the linen manufacture of Scotland considerably 
to exceed 100,000. The capital invested in the mills and factories, and in the bleach- 
works, calenders, and other auxiliary branches of the linen manufecture of Dundee 
and district around, buildings, and machinery, is about £^000,000, and in the other 
parts of Scotland £1,000,000; together, £7,000,000. The average value of the 
stock in trade in the hands of importers, manufacturer, and exporters is estimated 
at £6,000,000. The total capital required to canw on the linen manufacture of Scot- 
land is therefore £12,000,000. The linens made comprise many fabrics, from the 
finest shirtings, sheetings, and damask, through all qualities of dowlas, osnaburgs, 
spriggs, padding, ducks, sailcloth, hessians, sacking, bags, bagging, carpeting, floor- 
cloth, &c., to the coarsest mending and nail bagging. The mills and factories, 
especially those erected in Dundee within the past few years, are palatial structures, 
unsurpassed in extent or solidity by any which have yet been constructed elsewhere, 
and tho machinery is os perfect as" human ingenuity and money can make it. The 
various floors are lofty and thoroughly ventilated, and every modern appliance is 
taken advantage of to render the works salubrious and healthy, and to lessen the 
labour and increase the comfort of those employed. A visit to one of these works 
will gi’atify and instruct all who take an interest in tho mechanical industries of 
the country, or in the’'sanatorial improvements which are miuie for ameliorating the 
condition and preserving the health of factory operatives, and the proprietors will 
cordially welcome such visitors. 

On the Measnre and Value of Oats, By A. SxEPar.N "Wilson. 

lieasons why the Office of Warden of the Standards slionld include Standard 
Weights and Measures of the Metric System in addition to those of the 

Imperial Weights and Measures, By James Yates, F.ll,S, 

The oflice of Warden of the Standards was created by an Act of Parliament passed 
in August 1800, called the Standards of Weights, Measures, and Coinage Act/’ 
Its provisions were in accordance with the previous recommendations of tho Com- 
mission for the liestoration of the Standards ( 1841), of the Astronomer Royal (1869). 
and of tho Select Committee of the House of Commons (18(12). Its main purport 
was, that a distinct department of Weights and Measures should b() ostablmed in 
connexion with tho Board of Trade, and that it should be under tho control of a 
warden, or chief officer, whose business should be to compare standards brought for 
veriflcation, to watch the legislation and practice in our own country, and the 
course followed in other countries, to piovide the standards and other apparatus 
required for scientific purposes, and, when necessa^, to memorialize the Treasury 
on the steps which ought to be taken . — First Repo^i, of Wardm of the Standards 
p. 16. But, although at the time when this Act was passed tho measures ana 
weights of the Metric System were legalized, no provision was made for its use. 
Hereupon the author of this paper observes i — 

^^The gi’adual extension of the use of the Metric System in this country, leading 
on to its general adoption, as anticipated by the Committee of the House of Com- 
mons, shows the necessity of making the same provision for it as for the Imperial 
Weights and Measures. Metric weights and measures are now made in oonsideT* 
able quantities by English manufacturers, especially in London, Birmingham, and 
Sheffield. Many of these articles are exported to countries in which the Metric 
System has been long and exclusively established. With increasing facilities for 
the manufacture of them, it may be expected that they will form ^ important 
branch of our foreign trade. London tradesmen are greatly disappoint to find 
that the Metric Weights and Measures Act does not protect them m using Metric 
weights and measures. The manufacturers of such weights and measures apply in 
vain at the proper offices to have them tested. There is consequently great uncer- 
tointj and liability to fraud in their use, even although the length of a metre 
and its subdivisions should be marked upon the same oar with the standard yard.” 

lO* 
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This does not make a provision by wbich all persons may test the accuracy of 
their linear measures, and it leaves the weights and the measures of capacity out of 
the ouestion. 

After further insisting on the necessity for additional provisions for the use of 
the Metric System, he says, that if the newly appointed Standard Commissioners 

will pursue the task, which they have well begun, in an enlightened, patriotic, 
and generous spirit, striving to carry out the recommendations of the Committee 
of the House of Commons, and thus to instruct the people in the principles of the 
system, and gradually to introduce it into the various departments of Government, 
— if they persevere in this course, it will be found that the change will be gladly 
and thankfully accepted from any Administration which shall have the wisdom and 
the happiness to introduce it/’ 

The author says that the Committee of the House of Commons studied the 
subject under every important aspect, and after a long, laborious, and most intelli- 
gent inquiry, decided unanimously to recommend the introduction of the Metric 
System in the Post-office, in levying the Custom duties, in Government contracts, 
in the examinations for the Civil Service, in all schools receiving grants of public 
money, and in all statistical documents ; and they foresaw that, by adopting these 
preliminary measures, and by instructing the people in its principles and practice, 
the Government would prepare for its universal acceptance. Although the Govern- 
ment has not yet taken action in this direction, yet the system has been constantly 
making progress by the action of the people themselves.” 

The author then shows that England is lamentably behind other countries in 
promoting this great reform, which must, nevertheless, proceed even in this 
country. 

^^It is,” says he, ^^my sincere desire that the recently appointed Standard Com- 
missioners may be the honoured instruments of introducing and expediting this 
great change. My reason is, that T do not think the Government could have made 
a better appointment.” He mentions their names and qualifications, and concludes 
by expressing his opinion that they were chosen on account of their past services, 
their eminence as men of science, and their official and social distinction. He trusts 
that they would not decline the honourable labour, to which the present proposal 
would invite them, and hopes that the British Association for the Advancement 
of Science and the International Decimal Association would continue their assis- 
tance, and that this popular agency would combine with that of a more official 
character to accomplish the scheme recommended by the Committee of the House 
of Commons. 


Notes on Seal- and Whale -Fishings as prosecuted by the North-Sea Fleet, 
hailing from Dundee. By James Teaman. 

This paper was devoted to the description of an important branch of industry pro- 
secuted at Dundee, to provide a necessary ingredient to render jute applicable or 
workable into its varied appliances. 

Whale fishing has been prosecuted in Britain since the beginning of the sixteenth 
century. Acts of the Legislature were passed for its encouragement, and boimties 
were paid by the Government to the adventurers, both on the tonnage of the ships 
and for the tons of oil and bone landed in British ports. During the reign of James 
VI. of Scotland and of England Acts were passed b}^ the Imperial Parliament to 
encourage the trade. Its seamen were exempt from impressment for naval service, 
and bounties on the produce were granted, ^om the year 1733 to the end of 1786 
these bounties amounted for England to £1,004,000, and for Scotland £202,000 ; 
the officially declared value of the whale-fisheries imported into England in the 
for^-one years included between 1700 and 1800 being £2,144,387. 

Iish-oit was at that time applied to various purposes, but the chief object was oil 
for illumination. 

The discovery of coal-^ had the effect of lessening the demand for fiLsh-oil, and 
consequently of the nunaber of ships employed in the North-Sea fisheries j and al- 
though never wholly abandoned, the traae dwindled for many years, and only re- 
vivea when the use of jute, a fibre manipulated imder the action of fish-oil, created 
a new era in the manufacture and production of many useful and ornamental fabrios, 



TRANSACTIONS OF THE SECTIONS. 


149 


Dundee first engaged in the whale-fishery towards the close of the last century, 
and had eight vessels employed in it in 1814, varying in size from 270 to upwards of 
300 tons burden. The pursuit had proved profitable, as in the year 1830 ten ships 
were engaged, hut from that date for nineteen years the success appears to have 
varied, tne number employed then being reduced to four. 

In 1858 the late 1V&. ^Villiam ClarK had the full-rigged ship, the 'Tay,* of 
above 600 tons register, converted into an auxiliary steam-screw whaler, oeing 
the first successful introduction of steam power into the pursuit from the port 
of Dundee. 

Next year two new auxiliary screw-steamers, the Olundee’ and ‘Narwhal,' 
were bmlt expressly for the seal- and whale-fishing. These fine vessels proved 
the superiority of steam over sail-ships for prosecuting the Noiih-Sea seal and 
whale fisheries ; and since then, through local enterprise and energy, several new 
powerful steam-whalers have been built, and several sail-ship whfders have been 
converted into screw-steamers, and added to the Arctic fleet, there being now 
twelve full-rigged auxiliary screw-steamers of from 400 to 600 tons register em- 
ployed at the Greenland Seal and Davis Straits Whale fisheries, and no sailing- 
ship in the trade from Dundee, Dundee ranking foremost in her steam- whole fleet 
of the ports of Europe or America. The value of this fleet, vith full equipments 
for a season’s fishing, with the requisite boiling &:c. premises at port on shore, may 
be roundly estimated at £200,000, and the gross worth of a successful seal- and 
whale-fishing at £120,000. Fishing by steam is more costly than by sail-ships j 
but as two voyages can be made in one year by steam, one to "the sealing at Green- 
land and a second to whaling at Davis Straits, with greater facilities, the extra 
expense is more than counterbalanced. 

To acconmlish the double voyages, vessels must leave Dundee for the seal- 
fishing in Greenland waters about the 1st of March, returning to port to dis- 
charge their cargoes about the 25th of May ; and again sail for whaling at Davis 
Straits, after being from six to ten days in harbour, as may be required, to dis- 
charge the produce of the sealing voyage, and to recoal. 

Each ship is equipped with eight fishing row-boats about twenty-five feet 
long, and is manned with sixty-five to eighty bauds for the seal-captures, and 
fiffy to sixty for whaling. 

The capture of 8000 seals is considered good work of a ship’s crew in a day, 
but stormy weather renders the number which may be secured very uncertain. 

The whale-fishing at Greenland and Spitzbergen is now seldom prosecuted by 
Dundee ships, that at Davis Straits being preferred. 


MECHANICAL SCIENCE. 

Address hy Prof. W. J. Macquoun IUnkine, LL,D,y FJL^S, 

President of the Section, 

It is well known that the most important part of the proceedings at the Annual 
Meetings of the British Association consists in receiving reports of scientific re- 
searches made during the pre\ious year, and planning those to be made during 
the ensuing year, whether by obseiwation and experiment, or by collecting and 
arranging existing information. The proposals for such researches originate m the 
Committees of the several Sections, are then considered by the Committee of Re- 
commendations, and are finally sanctioned by the General Committee j and the re- 
ports of them are read to the Sections with whom the proposals originated. I think 
it may he useful on the present occasion to lay before the Meeting a brief summary 
of the researches which have been made or recorded at the instance of the Mecha- 
nical Section since 1850. As that was the year in which I became a member of the 
Association, I will refrain from extending the summary to earlier ye^, because 
that duty would be better performed by some member who took part in the pro** 
oeedings of those years. 
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Strength of Materiak , — This subject hat obtained^ as its importance deserves; a 
large share of the attention of the Section. The foilovdng are the reports which 
the Section has received, and the dates of the meetings at which they were read 

1. Mechanical Properties of Metals as derived from frequent Melting, 16^. 

2. Tensile Strength of Wrought Iron at different Temperatures, 1856. 8. Besis- 
tanoe of Iron Tubes to Collapse, 1857, 1858. 4. Besistanoe of Glass Globes and 
Cylinders to Collapse, 1858. 5* Effect of Vibratory Action and Long-continued 
Cnanges of Load on Wrought-Iron Girders, 1860, 1861. Those five reports are 
the work of Dr. Fairbaim ; and they contain solutions of questions of the highest 
importance, practical as well as scientific. The third of them, in particular, con- 
tains the discovery of a new law in the strength of materials— that which connects 
the resistance of a flue to collapse with its thickness, diameter, and length, and the 
correct application of which is essential to the safety of steam-boilers : it is this — 
that the intensity of the pressure on the outside of a tube required in order to make 
it collapse, varies directly as the square of the thickness nearly, inversely as 
the diameter, and inversely as the length. The fact of the resistance to collapse 
varying inverse^ os the length had never even been suspected until it was brought 
to light by Dr. F^airbairn’s researches ; and he also pointed out the remedy for tliat 
cause of weakness in the use of stiffening lings for dividing the length of the tube 
into intervals of a length consistent with safety. The fifth of those reports con- 
tains the first determination, with any approach to precision, of factor of safety 
in engineering structures of wrought iron. (The corresponding factor for cast 
iron had been determined by the Parliamentary Commissioners on the Application 
of Iron to Bail way Structures.) It had long been well known that the load which 
structures will bear with safety when repeatedly removed and replaced, and accom- 
panied with vibration and rapid motion, is ve^ much less than the load required to 
break the structure at once ; but the ratio w^hich the latter load bears to the former, 
called the factor of safety,” had never, until these researches were made, been 
fixed according to any principle based on a foundation of experiment. 6. Adap- 
tation of Suspension Bridges to Bailway Trains, 1857, 1858, by Mr. Vignoles. 
Along with tnis report there should be mentioned, as having contributed to the 
solution of the same question, a paper by Mr. P. W. Barlow, read in 1860. The 
researches of both these authors relate to the means of enabling suspension bridges 
to bear heavy travelling loads, by the aid of stiffening framework. 7. Strains in 
the Interior of Beams, 1862, hy the Astronomer lioyal. 8. Strength of Materials 
in Iron-ship-huilding, 1865, by Dr. Fairbairn. Next follow a series of reports of 
very high interest, relating to the application of materials to the art of national 
defence. 0. Durability and Efficiency of Artillery, 1855 ; a provisional report hy 
a committee, containing suggestions mr researches. 10. llesistance of Iron Plates 
to Pressure and Impact, 1800, by Dr. Fairbairn. 31. Mechanical Properties of 
Iron Projectiles at High Velocities, 1802, by Dr. Fairbairn. 12. Biffed Huns and 
Projectiles, 1862, by Mr. Aston. 13. Penetration of Armour-plates and Iron-clad 
Ships, 1866, hy Captain Noble. It is unnecessary to enlarge upon the value and 
interest of the results recorded in the last-mentioned report, which must he fresh 
in the recollection of the members, having been read at Nottingham, and printed in 
the last volume of Beports. Those results constitute the greatest step in advance 
which has hitherto been made tow^ards accurate knowledge of the quantity of 
work required in order to pierce a given target with a given projectile, and the 
quantity of powder required in order to do that work. 14. Mechanical Properties 
of the Atlantic Telegraph Cable, 1804, by Dr. Fairbaim. 

Motive JFb«<?cr.— The obtaining of motive power by means of steam has to a great 
extent been considered by committees of the British Association in connexion with 
the propulsion of vessels ; and so far it comes under the head of steam navigation, 
a su^ect to which I shall presently refer more fully. The following are the Beports 
relating specially to motive power : — 1, On the Vortex Water- Wheel, 1852, by Ih'of. 
J ames Thomson. 2, On Water-Pressure Machinery, 1854, by Sir W. G, Armstrong. 
These two reports contain valuable information as to two important classes of 
hydraulic prime movers. 3. On the Density of Steam, 1859, 1860, by Dr. Fair- 
btdm and Mr. Tate. Tbjtoebaniinunicationi were not printed amongst the Beports, 
but only in the ^ Proceedings ’ of this Section, being merely abstraots of researphes 
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whicli apf^sAtsd detail in the Philosophical Transactions } but the importano# 
of the results contained in them maJtes it necessary to refer to them now. )?hose 
residts constitute the first direct determination of tue density of steam i and besides 
their practioal talue, they fhmish a most remarkable confirmation of the dynamical 
theory of heat, because they agree very nearly with the densities of steam which 
had been deduced from the laws of its pmssure and latent heat four or five years 
before, by calculation aocording to the principles of thermodynamics. 4. Steam* 
Boiler Explosions, 18G3, by the Astronomer Itoval. showing the great explosive 
energy possessed by a mass of liduid water at a hiffli temperature. 

It has been established beyond the possibility of doubt, according to the second 
law of thermodynamics, that the utmost quantity of work which can be got by the 
expenditure of a given Quantity of heat depends solely on the limits of temperature 
between which the engine works, and is independent of the nature of the fluid to 
which the heat is applied, such as water, ether, air, ammonia, &o. The means 
of improving the economy of heat in thermodynamic engines are of three 
kinds : first, working expansively, so as to obtain from the heat applied to tlie 
fluid all the work that is possible between given limits of temperature,— this has 
probably been already earned to the utmost extent practicable j secondly, increasing 
the range between those limits of temperature, — to this there are bounds set in 
practice by the conditions of durability and safety ; and thirdly, diminishing the 
quantity of heat which goes to waste from the furnace. The lost is probably the 
means which at present holds out the greatest probability of improvement upon the 
economy of the most economical steam-engines of the present time. It is probable 
that the use of rock-oil as fuel may contribute toif\ ards that result ; and something 
may perhaps be hoped from the direct use of the products of combustion to drive 
the engine. 5. Gun-cotton, 18(i8*05. In these reports by a Committee, it is 
shown now gun-cotton is adapted to various purposes by suitable mechanical pre- 
paration. 

Kydmulic JSiiyineentiff. — 1. On the Water-Supply of Towns, 1856, by Mr. Bate- 
man. A report of great interest, on a subject worthy of the continued attention of 
the Association. 2. On Eainfall, 18(14-00. A series of reports by a Committee, 
based chiefly on observations collected by Mr. Symons. These will probably })o 
continued annually. 3. On Weir-Boaid Gauges, 1850, 1858, 1800-01, by rrof. 
James Thomson. These reports contain the results of experiments on the gauging 
of the flow of water in streams by means of ‘Giotch-boards,'' showing how accuracy 
is to be ensured in such gauging ; and, in particular, the properties and advantages 
oftrian^lor or Y-shaped notches, 4. Tides on the Trent and Humber, 1804, 
by Mr. Oldham. 

^iphuildiny and Steam Kaviyation, — 1. The Strength of Materials in Iron Ship- 
buildmg, and the Resistance of Armour-plated Ships to Penetration, have been 
referred to under another head. 2. Tonnage of Ships, 1850-57, by a Committee. 
3. Steam Navigation at the Port of Hull. 1853, 1 869, 1801, by Mr. Oldham. 4. Iron 
Shipbuilding on the Tyne. Wear, and Tees, 1803, by Mr. Palmer. The three pre- 
ceding subjects pm-take oi a statistical as well as a mechanical character. 5. Lifo- 
Boats, 1864, 1^ General Chesney. 0. Statistics of Life-Boats and Eishing-Boats, 
1867, by Mi‘i Henderson. 7. River Steamers, 1868, by Mr. Henderson. 8. Mer- 
cantile Steam Transport Economy, 1860-57, 1869, 1801, by Mr, Atherton, 
9. Shipping Statistics, 1868, hy Admiral Moorsom. 10. Resistance of Water 
to Hoating and Immersed Bodies, 1805-06. Report of Experiments, by a Com- 
mittee. ll. Steamship Performance 1867-03 ; — A senes of repo^ of data col- 
lected from various quarters by a Committee, presided over at first by the late 
Admiral Moorsom, and afterwai’ds by His Grace the Duke of Sutherland. Re- 
ferring more especially to this last-mentioned series of reports (and also to the 
reports of the experiments of Mr. Scott Russell on Waves, published previously to 
the period to which this summa^ is limited), it may be held that the reports and 
archives of the British Association contain, perhaps, the greatest imiss of data of 
experiment and practice ever brought together for the purpose of improving the 
science of the designing and propmsion of vessels. The bulk of that mass of in- 
formarion 4s so ^eat that it was resolved last year to appoint a committee for the 
purpose of condeiising it ) snd a report by that committee will be laid before tbk 
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Meeting. The use of the jet-propeller, first put in practice in 1889 by M^srs. 
Ruthyen, has lately been revived and extended ; and in future reports it is highly 
desirable that examples of it^erformance should be recorded. 

Conveyance. — 1. Railway Brakes, 1859, by Dr. Fairbaim. 2. Sound Signals at 
Sea, 1861, by Prof. Hennessy. 3. Fog Signals, 1863, 1866, by a Committee. All 
these reports contain results of great importance to the public safety. The atten- 
tion of tne Association was called last year to Mr. FelTs method of ascending steep 
gradients on railways by the help of a central rail. 

Metallurgy . — Altnough no report upon metallurgy has been presented to this 
Section within the penod to which this summary refers, I consider that it would 
be incomplete were 1 not to mention two ordinary communications to the Sec- 
tion, in 1856 and 1805, by Mr. Bessemer, on his method of making iron and steel, 
a subject to which the Section might well devote a large share of its attention. 

AgricuUural Machinery . — No report on this subject has ever been laid before the 
Section, but an ordinary paper was read in 1853 on the history of reaping machines, 
by Mr. Crosskill. The inventor of the first practically successful reaping machine, 
the Rev. Patrick Bell, resides at no great distance from Dundee ; and I hope that 
the Meeting may, if possible, be favoured with the presence of so great a benefac- 
tor to agriculture. 

Reports were made on the following subjects at the instance of the Mechanical 
Section, in conjunction with various other Sections of the Association : — Weights 
and Measures, 1864-06. Patent Laws, 1868-59, 1801. Scientific Evidence in 
Courts of Law, 1860. 

Considering the number, the variety, and the extent of the researches — of which, 
in the limited time at my disposal, I have only been able to give an account so 
brief that perhaps it deserves the name of a catalogue rather than that of a sum- 
mary — the labour and skill expended in these researches, and the scientific interest 
and practical utility of the results to which they have led, I think that the Me- 
chanical Section of the British Association may fairly claim the credit of having 
exerted itself, not only for the advancement of science, but for the improvement of 
practice, with industry and with success. 


On the Difficulty of obtaining Local Information after reaching the Summits 

of Eminences from which extensive Views are obtained. By J. Yan-Noeden 

Bazalgette. 

To supply trustworthy topographical information, the author proposed that local 
indicators should be placed upon summits which are periodically visited by tourists. 
The Local Topographical Indicator would consist of a circular table of stone or metal, 
engraved -mth raoial lines pointing in the direction of any object of interest. 
Upon the line would be engraved the name of the object, its distance from the 
point of view, and, in the case of mountains, giving their correct height above the 
sea. A table of three feet in diameter would be sufficiently large to embrace a 
district of thirty miles in radius, which would generally be round sufficient. To 
facilitate reference, concentric lines, at distances of five miles, would be engraved 
upon the table, within which circles the names of places at such distances would 
appear. Upon an outer circle, the names, directions and distances of large cities, 
camedrals, dockyards, headlands, and other objects of interest beyond the thirty- 
mile circle woula be shown. In the centre of the table may be placed a telescope, 
with an indicating hand, arranged so that on placing the hand in the direction of 
any object, the object itself, if within the range of sight, would be brought within 
the fimd of the telescope. Arrangements are now being made by the author for 
the erection of a local indicator, with a telescope and light ornamental shelter, 
upon the summit of the Malvern Beacon Hill, in Worcestershire. The form of 
the local indicator may. be varied according to circumstances. It may be che^ly 
constmcted in cast iron, and with or without the telescope and bunding. The 
loc^ indicator would afford to the tourist much of the interest and information 
which is fremiently lost in consequence of fogs enveloping the summit which with 
difficulty he nas reached, and would at once point out the direction for returning 
—-a wont which the author has frequently experienced. A smaller and leas com- 
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plicated form of indicator would be useful in open places in large towns, the 
direction and distances to churches, railway stations, theatres, &c. being given. 
The tops of letter pillar-boxes being provided with such information, womd assist 
strangers as to dis^ces and cab-fares. 

On the Methods for Testing the Speed of Vessels over the Measured MUe, 
By Admiral Sir E. Belcher, K.C.B, 

The author pointed out that the trial of a vessel over one mile could not be 
considered any test of her real speed or capabilities ; besides which, he thought 
the taking the ^eed should not be entrusted to those on board. He considered 
that the force and action of the tides had not been duly ascertained, inasmuch as 
experience had shown him that, while the surface-tide appeared by the buoys to 
be running a strong ebb, an undercurrent was running flood, and exercising a con- 
siderable influence on the body of the vessel immersed. This underneath ciurent 
he thought would vitiate any results obtained by the course generally pursued for 
testing the speed of vessels. He would suggest a series of experiments similar to 
those carried out by himself at Kingston in 18Ji5 to test the strength of this under- 
current. He proposed further that the speed should be testea on terra firmaj 
where umpires should decide, by a pair of fixed theodolites, the times of transit. 
Taking away from those on board any control over the starting moment, he would 
cause them to indicate by intersections, every ten minutes, the exact course the 
vessel had pursued. As regards the mode of trial, the nin should be for twenty- 
four hours at least. She should have a supply of coal for thirty hours. At the 
end of the run, her remaining coal should be carefully measured, the general tem- 
perature of the engine-room should be carefully noted, the condition of the paint 
on her funnel examined, to ascertain whether the firing has been excessive, and a 
full report should be made as to how she had behaved against a head sea, her 
easiness of steering, &c. 

On Beaping^Maclunery. By the Rov. P, Bell, 

After giving an account of the modes of reaping corn in use from the earliest 
times, pointing out how little alteration had been made in them down to modem 
days, the author narrated the circumstances under which he had been led to give 
his attention to the subject, and ultimately to succeed in constructing, in the year 
1828, a reaping machine, which, although it did not then come into general use, 
was efficient for the purpose, and which, in fact, was, with scarcely any alteration, 
the reaping machine of the present day. 

On an Iron Gamh for Power Looms, By »Tames K. Caibi). 

On the Birnningham Wire Gauge, By Latimer Clark. 

The object of the paper was to point out the necessity for having a recognized 
standard gauge. The author proposed the appointment of a committee to inves- 
tigate and report upon the subject. The differences which now existed in the 
various gauges in use made serious differences in contracts — in one instance in 
which the author was concerned a money diflerence of £8000 in one contract. 

On J. B, Stvan's Improved Calcining Kilns, By J. Eckebsley. 

The Besults of Eaperiments on the Bigidity of Glass, Brass, and Steel, 

By Dr. J. D. Everett. 

The author described the ingenious arrangements by which the experiments 
were carried on^ and the minute deflections measured. Cylindrical rods, about 
one-third of an inch in diameter, of flint-glass, drawn brass and steel, were alter- 
nately bent and twisted by known couples, so applied that the couple (whether 
of flexure or tension) was always uniform througn the whole length of the rod. 
The amounts of bending and twisting thus produced in a given portion of the 
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l?od wei?e tneasuted by the aid of two miifrors clamped to the rodi In the eaiiier 
experiments, these mirrors were made tp reflect a dark line placed in front of a 
lamp-flame, and the displacements of the images were measured on a screen. In 
the later experiments, two telescopes were placed almost vertically over the two 
mirrors, so as to look down into them, ana a sheet of paper (cross-ruled) w^ 
flxed In a horisontal position overhead. The displacements of the lines on this 
sheet as seen in the telescopes were then observed. From the measurements of 
flexure and tension thus obtained, the coefficients of elasticity and rigidity for 
the substances operated on were calculated. 

On the Iron and Steel shown at the Paris Exhibition, By Jottir Feukie. 

The author stated that a great deal had been said about the advance the French 
had made in this department, but he thought this was erroneous. Coal was sent 
into France free of duty, and English raw iron with a very small duty. When, 
however, the English came to send their finished iron into France, it was practi- 
cally prohibited by the duty imposed. The only iron in the Exhibition from 
England was from the best Yorkshire houses, and a very few others. He first 
called attention to the large girders. There were several specimens of these 
exhibited in the French department, which were larger than any ever rolled in 
this country. These girders were 3 feet 7 inches in depth, hut only 12 feet long — 
a length wnolly inadequate in proportion to their depth. The length for all prac- 
tical purposes should be at least fifteen times the depth. These were mere tours 
ds force, lie believed that the process of building up such masses of iron, and 
the frequent reheatings and coolings necessary for the purpose, would not produce 
a girder anything like equal to a girder made in the ordinary way — of boiler-plates 
riveted together. These girders, in the opinion of the author, had been made fot 
the purpose of going beyond the English people, and not so much for their prac- 
tical value — ill short, to excel the English in this respect. Another process of 
the manufacture was that of stamping, lately introduced, and which has been very 
largely carried out by the French. This process was to make a complicated forg- 
ing ill small pieces, then fix them together, put it in the furnace, and raise to a 
welding heat, bring it under an immense die or hammer, and thus complete the 
process of forging. This process had not come into general use in this country ; 
but one English nouse had shown several specimens quite e(jual in manufacture 
to those exhibited by the French. The manufacture of steel in large masses, ex- 
hibited by Krupp and the Bocum Company, far exceeded in size anything as yet 
manufactured in England. The specimens from the Bocum Company were, in the 
opinion of the author, deserving of special mention. Twenty-two railway- wheels 
of cast steel, in one casting, were, he believed, the finest ever exhibited. So far as 
Franco is concerned, England had not been excelled in any department in the ma- 
nufacture of iron or steel. 


An Account of Bergstroem^s Boring Machine, used at the Perseberg Mines, 
Sweden, By Dr. C. Le Neve Foster. 

The author described a small machine for boring holes for blasting. The ma- 
chine had taken the place of human labour [applied to the mallet and ordinary 
borer or drill. It weighed only 122 lbs., cost £22 lO^., and was worked by com- 
pressed air. The air-compressor, pipes for conveying the air, and other details, 
were described; and the author then proceeded to an account of the general 
results which nad been arrived at by careful experiment, showing that it had 
been found that the driving of a level was done twice as quickly oy usi^ the 
machine as it could be done by hand labour, and with a saving of 20 to ^ per 
cent, in money. 

On the Stowage of Ships' Boats. By George Fa wens. 


On the Applimtion of the Funds derived from PaitnUFtes, 
By 0. B. Gaieowat. 
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On Steam CvMivation. By Davib Grbig. 

On the Heating of Hot Houees. By John Hallxdat. 

On an Improved Suspension Bridge, By A. S. Hallidie, C,E, 

On the Application of Machinery to Boring and Tunnelling, 

By General Haupt. 

The author gave an account of the circumstances tmder which he had been led 
to consider the possibility of applying steam to tunnelling, an application which 
engineers had universally pronounced impracticable, but which ho had demonstrated 
to be not only possible, but, under certain circumstances, highly advantageous. 
The author then explained the construction of his drilling-engine, the mode of 
mounting, the appliances for erecting and removing the machines, the power to 
drive them, the questions of ventilation, lighti^, blasting by electricity, and the 
application of the system to Cornish mining. The construction of the machines 
was explained by means of diagrams, without which it would be hopeless to attempt 
a description. On the subject of power, the author discussed the question of com- 
pressed air, the loss of power in compression and transmission, the possibility of 
using steam by the aid of a vacuum-pipe, the superiority of the ventilation, &c. 
TYom experiments made by the author at the Franklin tunnel, the enormous loss 
of power by passage of air through pip^s has been practically measured. As an 
instance oi tne aen’antage of using large pipes, it was stated by General Ilaupt 
that with 110 square inches of cross-section, 5w horse-power would be required 
to pass 3074 cubic feet of air per minute through a pipe four miles long, whereas 
less than ten horse-power would suffice if the pipe had a cross-section of ten square 
feet. In the course of the reading of the paper, General Ilaupt alludc^d to the mili- 
tary railway bridges constructed during the civil war in America, and he explained 
the system by diagrams on the blackboard, and showed how a bridge had been 
constructed in four days and a half, chiefly by the aid of negroes, which was 000 
feet long, and nearly 100 feet high, the timber being cut from the stump. 

On the Iron ami Steel at the Paris Exhibition, By Fekdinand Koun. 

The collection of iron and steel in the Paris Exhibition was one of the most com- 
plete and instructive representations of the present sttite of iron metallurgy in 
all its branches which could have been brought together at any one spot under any 
circumstances. The writer then spoke of the mam cause of the great industrial 
revolution now witnessed — an in^ ention with which the British Association had an 
historical connexion — the Bessemer process, which process had been most suc- 
cessful during the eleven years of its existence. He next referred to those much- 
admired steel castings of lihenish Prussia, which had caused so much interest and 
curiosity by their extraordinary sizes and qualities, and he referred to the secrecy 
and mystification which surrounded their manufacture, arising, in his opinion, from 
the want of an effective patent law in Prussia. In conclusion, he remarked that 
the vague notion now existing in Britain that the superiority and predominance of 
British iron manufacture had ceased to exist, or was threatened to be overthrown 
by continental competitors, had no foundation, judging by the state of things in 
the Paris Exhibition. 

On an Improved Marine Steam-Boiler, By J. Lewis. 

This boiler is constructed with a series of undulating flues, instead of the or- 
dinary arrangements of tubes employed in marine boilers. The results of a series of 
experiments made with marine boilers of this construction show a very considerable 
economy in the quantity of fuel required, and also the evaporation of a g^ren quan- 
tity of water in ft given time. This boiler occupies the same spice, and li ex- 
ternally of the same form, os the ordinary tubular boiler. 
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On the Constmction of the Lifeboat. By Professor Macdonald. 

Instead of the common form of the boat, with a sharp keel, the author su^ested 
the more ample and expanded form of the head of the whale, but rising high out 
of the water at the bow, having bluff sides, but ending in a long clean run alt, nar- 
rowing towards the stem, where the moving paddle-wheels or Archimedean screw 
should be placed. . 

On an Improved Paddle'-wheel. By Professor Macdonald. 

On Iron Floating Forts, Iron Harbours, and other Floating Structures ; and 
on BafVs Method of Construction of Iron Fabrics. By S. J. Mackie. 

On the Theory of Diagrams of Forces as applied to Roofs and Bridges, 

By J. Clerk Maxwell, F.B.SS. L. ^ E, 

A roof is made up of a series of vertical frames. A diagram of forces is a figure 
consisting of straight lines, which represent, both in magnitude and direction, the 
tensions and pressures in the different pieces between the joints of the frame. The 
pieces of the frame and the weights acting on it are denoted by capital letters, and 
the corresponding lines of the diagram by small letters. The diagram is constructed 
by the following rule, which is sufficient for the purpose : — The frame, including the 
vertical lines representing the weights, and the diagrams of forces, are reciprocal 
figures, such that every line in the one is parallel to the corresponding line in the 
otner, and every set of lines which meet in a point in the one figure torm a closed 
figure in the other. It follows from this that the weights, which are all vertical 
forces, are represented by the parts of one vertical line. The first extension of the 
principle of the diagram of forces was made by Br. Rankine in his ^Applied 
Mechanics.’ The theory was generalized by the author in the Philosopnical 
Magazine in April 1864. In the present paper it is shown to be connected with 
the theory of reciprocal polars in solid geometry, and rules for the construction of 
diagrams are given. The advantage of the method is that its construction requires 
only a parallel ruler, and that every force is represented to the eye at once by a 
separate line, which may be measured with sufficient accuracy for all purposes with 
less trouble than the forces can be found by calculation. It also affords security 
against error, os, if any mistake is made, the diagram cannot be completed. 

On Covered Life-Boats. By George Maw, F.S.A., F.Q.S., ^c. 

In advocating the employment of closely-covered boats for shipwreck service 
from vessels at sea, the author pointed out the different requirements from those 
engaged in coast service. In rescuing from the land the crews of coast- wrecked 
vessels, the power of navigation and locomotion was of paramount necessity, 
whilst in the case of vessels foundering at sea, the means of locomotion was alto- 
gether of secondary importance to such qualities as would provide for the cer- 
tainty of floatation. To ensure this, the author proposed a li^it boat-shaped iron 
caisson, perfectly covered, except a man-hole for access, which would be water- 
tight when closed, and two openings for ventilation. A self-acting valvular 
arrangement was described, by which water would be perfectly excluded during 
the occasional breaking of a wave, whilst allowing a free passage of air when 
not submerged. 

On a new Mode of constructing the Surface of Streets and Thoroughfares. 

By Joseph Mitchell, C.E., F.R.S.E. 


On the Use of Moveable Seats for Slide- Valves. By J ahes R. Napier, F.R.S., 
Marine Engineer, and W. J. Macqdorn Rankine, C.E., LL.D., F.R.S. 
The great practical convenience of the slide-valve and link-motion as means of 
varying the rate of expansion in steam-engines is well known. An objection to 
their use, however, arises from the fact, that the points of admission, cut-off, 
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release^ and compression are related to each other in such a manner that, in 
designing a slide-valve motion, the fixing of any three of those points for a given 
position of the link fixes the fourth point also. For example, suppose that in a 
certain position of the link, the positions of the eccentrics and the lap or cover at 
the eduction-edge of the cylinaer-port are so adjusted as to give a certain rate of 
expansion: then the only moment remaining capable of a^ustment is the cover 
at the eduction-edge of the port j and that moment, when it is fixed, fixes at once 
the release and the compression ; and it often happens that the best positions of 
the points of release and of compression are inconsistent with each other; so that 
a compromise has to be made. That objection, in some examples of slide-valve 
motions, has been overcome by the use of double-slides ; but in all the double 
slide-valve motions hitherto introduced, there exists the defect of complexity in 
construction and working; for in addition to the ordinaiy handle of the link- 
motion, a second handle has to be used in varying the rate of expansion. The 
authors of this paper propose to accomplish the same result in a very simple way, 
by giving a small miding motion to that part of the valve-seat which contains the 
induction-edges of the cylinder-ports, so as alternately to contract and enlarge 
those ports at each stroke of the engine. The only mechanism required, in addi- 
tion to the ordinary slide-valve gear, consists in the moveable seat, with a rod 
and a third eccentric to give it motion : the rate of expansion is varied, when 
required, by shifting the link in the ordinary way by the use of the ordinary handle 
alone ; yet the effect is the same as if the admission and the exhaust of the steam 
wore regulated by two different slide-valves, each with its own link-motion and 
pair of eccentrics. Hence, in designing the valve-motion, the points of release and 
compression can be adjusted to the best positions, independently of the points of 
admission and cut-off. The authors consider that the moveable seat which they 
propose ought to be used together with a kind of slide-valve on which the pres- 
sure of the steam is balanced, such as that introduced by Mr. Thomas Adams, in 
order that the different rates of travel of the slide-valve over the fixed and 
moveable parts of the valve-seat may not produce unequal wear. 


On the Consum]^tion of Fuel, By William Pateeson. 


On some of the Difficulties the Scientific Engineer meets with in PractUe, 
By W. W. Urqxtiiabt. 


APPENDIX. 

The Relation of the tipper and Lower Crags in EorfoVc, 

By John E. Taylor, Hon. Sec. JSorwich Oeol. Soc. 

The object of this paper was to prove that the present classification of shells in 
the Norwich Crag is Jmperfect on account of an upper bed being included in the 
Crag. The mean percentage of the shells from the two crags makes the relation 
of me Red and Norwich Crags very dissimilar, whereas there is really a near con- 
nexion between them. By separating the shells of the upper bed, the underlying 
Norwich Crag approaches the Red, whilst the upper bed itself forms a graduating 
link between the three Crags and the overlymg Drift beds. 

After giving the established percentages of recent and extinct shells in the three 
Crags, as well as the proportion of arctic shells found in them, the author men- 
tioned several places in Norfolk where the Upper Crag may be seen overlying the 
Norwich Ci^, as at Coltishall, Horstead, Irowse, Thorpe, Whitlinghao^ and 
Bramerton. The height of the upper bed ran^j^es above the lower frona 3 to 15 feet. 
It is marked by the total absence of freshwater shells, by the paucity of littoral 
species, and by the abundance of deeper sea-shells. It is also distinguished by 
the greater abundance of arctic species, as at Bramerton and Thorpe, where severu 
species of AMtarU^ Cyprim islamica^ Cardium groerdandkum^ Lucim hare&USf and 
others abound. 
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The autbov also shewed that the shells of the Hed and Norwich Crags separated 
them into distinct beds, whilst the same method would also separate the Upper 
from the Lower Crag in Norfolk. He therefore contended for the existence of 
four Crags instead oi the present classification of them into three. This arrange- 
ment established a complete and beautiful sequence between the oldest Ooralune 
Crag and the latest Drift deposits. 

On the Internal Heat of the Earth. By Dr. Jtoxts Schtabcz, F.G.S* 

The author reviewed the evidence upon which is founded the doctrine of central 
heat as applied to the earth. It is based on three arguments ; — onej gathered from 
volcanic phenomena — phenomena which may be explained by the chemical and 
electro-chemical schools of geologists at least as satisfactorily as by the supporters 
of central fire ; the second argument is deduced from the nebular hypothesis, an 
hypothesis having now-a-days no other foundation than what is involved in it from 
the central-fire hypothesis j and the third is deduced from the supposed uniform 
increase of temperature down to the centre of our planet, in every part of the earth, 
— an argument which, again, is a mere hypothesis. 

Having carefully studied the literature of the subject, Dr, Schvarcz criticised the 
observations upon which the hypothesis of central fire is supported, and showed 
how imperfect and conflicting is the evidence to prove that the increase of under- 
ground temperatpe is really general and uniform. 

Before generalizing, we must accumulate a gi*eater number of facts, precisely re- 
corded, than are at present at command ; and he therefore urged geologists to com- 
bine all their efforts in order to multiply geothermometrical observations, especially 
in countries now unexplored. 

lie was of opinion that solar impressions, in all the climates on our earth’s sur- 
face, taken collectively, and local reservoirs of lava, not exceeding considerably the 
depth of thirty-five geographical miles, and manifesting themselves through volcanic 
cones from local processes of oxidation, must be taken for those secondary causes 
which remain indispensable elements of any cetiologv of underground temperatures, 
even for theories to come. Electricity, as connected wdth cosjnical magnetism and 
planetary rotation, may linvo been an important agent, besides the secondary causes 
just alluded to. 

Nouvelle comparnison dcs memhres pelviens et ihoraciques chez THorhmey les 

Mammi fires, les Oiseaiuv et les lieptUes, dediiite de la torsion de Vhximerus, 

Par CiTAELES Maktijts. 

Vicq-d'Azyr est le premier qui ait attaqu6 r^solument et discut^ serieusoment 
le probleme du parallele des extr(imit(?8 chez I’homme et chez les quadruples. Son 
m^^moire parut en 1778. Mettant un sijuelette du bras de I’homme en toumant 
I’ol^crane en avant, a c6t<S d’un membre inf^rieur du m^me c6t6, il vit que les deux 
axes du col du f4mur et du col de I’hum^rua n’dtaient pas parallMes, et eut la mal- 
heureuse idde pour r^tablir ce parall^lisme de comparer le membre sup^rieur droit 
au membre inferieur gauche et vice versd j mais olors le pouce de la main est en 
dehors, et le gros orteil du pied, qui est son analogue, en dedans ; oe qui viole la loi 
de sym^trie. Du reste Vicq-d’Azyr, comme plus taid Goethe, Meckel, et Barclay, 
assimile le radius au tibia et le cubitus au p4pon4, sans expliqiier pourquoi la rotule 
analogue de Tolficrane est fix^e au tibia, tandis qu’elle devrait faire partie du p^pon6. 

En 1832 Bourgery ,pour r^soudre cette difficult^, pr^tendait que la partie supdrieure 
du tibia av^ la rotule repr^sentait le cubitus surraont^ de Tol^crane, tandis que la 
partie inf^rieure du m^me os correspondait au radius i de meme selon lui la partie 
f^up4rieiire du p4ron4 4tait le radius, sa partie infSrieure le cubitus. Cette hypoth^, 
connue en France sous le nom d^hypotfiese du oroisement^ fut adopbSe en 1848 par M. 
Oruvellhier, qui la formula nettement ; mais dons cette manifere de voir, ravant-bras 
dtant en pronaiion, le cubitus et le radius se croieent tandis que le p^rond et le tibia 
sont parallfeles entre eux. De plus, il est contraire ^ toutes les lois connues des 
coalescences de supposer qu’im os long pent fitre fonn6 par la soudure bout k bout 
des inoitii5s de deux os longs difi^rents. 

En 1838 M. Flourens compare le membre sup^rieur, I’avant-brae ^tent en pro- 
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nation; aveo le membre infMeur dii mdmo c6t<i t mais aloni roldcrane eit en inddrS; 
tandifi ^ue la rotule eet en avant; ravant-bras se ddoliit en arant; tandis qua la 
jambe se fl^obit en arri^po. Les soologistes qui adopteraient cette expUoatioii 
compaperaient sans le savoip;non pas le membre thoracique de Thomme k son mainlMW 
pelvien, mais le membre thoracique de Thomme au membre thoracique des quadru* 
pMeS; chez lesquels Tavant-bras est en effet dans une pronation nxe et perma** 
nente ; aussi oette explication n'est-elle pae plus satisfaisante que leg autres. Voiot 
Celle que je propose. 

Eseplioatimi ds T auteur. — ^L’hum^ms; cheaTHomme et les Mammifiipeg terrestiwi ott 
aquatiques, est un os tordu siir son axe de 180 degr<58, ou d’une demi-ciroonfJfirenoe t 
le f^mur est un os droit sans torsion. L’hum^pus dtant un f^mur tordu, il Ton 
veut comparer ces deux os il faut avant tout</^torf/rs rhum^riis | le rCgultat de oette 
operation est de placer rCpitrochl6e en dehors et rdpioondylo en dedans. Oela fhit, 
la oomparaison des membres n’offre plus aucune dimcultC ! en elibt le col de I’hutnC* 
rus est dirigd en dedans ooinme celui dii f^mur. La portie convex© on trioipitale 
de Tog du bras se trouve en avant oomme la partie oonvexe ou triclpitale de ros d© 
la cuisse. Les deux os sont done semblables j leurs condyles articulaires se oontour- 
nent en arri^re ; rol(5crane est en avant, commo la rotule j de plus elJe est attache© 
k la portion antCrieure et externe de la tete du tibia, qui represent© (conime je la 
prouverai plus bos) la portion oldcranionne de la t^te du cubitus, qui s’est soudae et 
confondue avec celle du radius. Pour se convaincre do la rCalitd de la torsion da 
I’hum^rus, il suffit de auivre sur un humdrus d’homme ou de quadruple la llgna 
ftpre qui part de rdpicondyle, se diilge obliquement vers la fko© postdrieure* la con- 
toume en longeant la gouttidre de torsion du nerf radial, et vient aboutir k la partie 
la plus morqude du col aii-dessoiis de la tdte do I’humdrus. Cette torsion a dtd remar^ 
qude par la plupart des anthropotomistes — Bertin, Locat, Winslow, Sabatier, Soem- 
mering, Bichat, Bover, Barclay, Meckel, J. Cloquet, H. Cloquet, Lauth,0, Wara,Blan- 
din, Estor, Oruveilhier, Ilolmes-Cooto, Jamiu, Sappey, Henle, G, M. Humphry, et L. 
Holden. O’est la torsion qui transform© le sens de la flexion, puisqu© Vavant-bras 
se fldchit en avant, tandis que le jambe se fldchit on arriere. Mr. Ilolmes-Coote est, 
k ma connaissance, le seul anatoniiste qui ait vu cette consdquence de la torsion, 
Mr. Maclise dans son article Skeleton, dans Todd’s ♦Cyclopeedia,’ a oompris 
toute rimportance de la vue de Mr. Holmes-Coote pour la oomparaison des 
membres. Mais tous deux se sont an’etds A cette roniarque fondamentale ,♦ ils 
n’ont point songd A mesurer I’anglo de torsion de I’humdrus dans les dlfTdrentea 
classes des Vertdbrds. 

De la torsion de VhumMk^ dans V Homme et les Mammifires terresfres ou aquatiquM. 
— Elle est toujours de 180°; mais les rapports des axes du col et de la troohW© ne 
sont pas les memes dans toute la s^rie. Chez I’Homme et les Singes antbropomorphes 
(Oranj», Chimpans^, Gorille et Gibbon) les axes du col du fdmur et de I’humdrus 
sont dirig^s tous deux vers la colonne vertebral e, savoir de dehors en dedam et de has 
en haut. Cette direction des axes est la condition mt^anique des mouvemens de 
circumduction du bras, qui d(5orit lui cone aiitour de cet axe id6al. Dans les qua* 
drupAdes terrestres et amphibio«(, I’axe du col de rhumAms est dirigd d*avant en 
arrive. La consequence ae cette derniAre disposition e’est que dans les quadrupAdes 
le membre antArieur se meut dans un plan et ii’exAcute plus les mouvemens de cir- 
cumduction qui caractArisentl’Hommeet les Singes an thropomor^es. 

De la torsion de Vkumirus dans les Cheiropteres^s Oiseaut et les Iteptiles , — ElJe est 
de 90'’ seulement. L’axe du col de rhumArus est dirigA comme obez rbomroe, 
mais le corps de FbumArus n’Ataiit tordu que de 90°, la trocblAe est toumAe en de- 
kore et non en avant : aussi la flexion do I’avant-bras snr le bras se Mt-elle en de- 
hors dans un plan perpendiculaire au plan vertAbro-stemal. Une Ohauve-souria, 
nn oiaeau dApIoienf leurs ailes en dehors, un reptile Atend son avant-bras perpen- 
diculoirement Al’axe de son coips. La torsion de 90° est done une des coiwt^oiis 
ostAologiques du vol et de la re]/tation. Dans les Chelropteres o’est dans les grandes 
Honssettes (Fterepus vtdqaris, 1\ JBdwardsii, P. Keraudrenii, et P. poHocepkahai) 
qii’il fla-ut Atudier la torsion de rbuniArus. Dans les Oiseaiix la torsion de 00° s© vedt 
le mieux sur les bumArus des grands Braces tels que les Condors, les Vautouri^ 
les Aigles, les Albatros, et sur les grands GallinacAs. Dans les Bept^es ie citersi les 
Grocodile8,^B Caimans, lea Varans, les Grammatopbores, les Uramaetixeth Mvedor 
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MerimiB, Surle Cam^l^on, au contraire, rhum^rus est tordu de 180° ; car le Ca- 
m^l^on est un reptHe qui ne rampe pas ; il marche^ comme un quadrumane^ en 
fl^chissant son avant-bras en a^^ant Son ventre ni sa queue ne trainent par terre. 
Comme les Singes, il saisit les branches avec ses quatre mains, et enroule sa queue 
prenante autour des branches qui lui servent de support. Dans les Ch^loniens la 
torsion n’est visible que sur les grandes Tortues terrestres et fluviatiles et dans les 
Batraciens, sur les Crapauds et les grosses Grenouilles. ’ Cette torsion de 
rhum^rus de 90°, commune aux Keptiles et aux Oiseaux, est un trait de plus ^ 
pouter aux nombreuses ressemblances organiques qui rapprochent ces deux classes 
d’animaux. 

Origim de la Torsion , — Je dois aborder maintenant une question d’autant plus 
delicate qu’elle est du domaine de la m^taphysique, et touche aux lois les plus 
intimes du d^veloppement des etres organises. Quand on examine des squelettes 
de foetus humains aepuis deux mois jusqu’a neuf, le corps de I’hum^rus se pr^sente 
sous la forme d'une palette aplatie et identique, sauf la grandeur, a celle du fdmur. 
On n’y remarque pas la plus 14gere trace ae torsion. Cette torsion n’est meme 
visible <jue sur un enfant d’un an, et ce n’est qu’a deux ans qu’elle est parfaitement 
caract^nsde. Cependant du jour ou les membres se montrent sur le foetus la 
torsion exists^ puisque la flexion du bras se fait en avant La torsion de I’humdrus 
n’est done point une torsion m^canique qui s’op^re a une certaine epoque de la vie, 
e’est une torsion virtuelle qui ne s’esi jamais op^r^e m^caniquement ; mais cette 
torsion virtuelle a eu toutes les consequences d’une torsion rielle. Tout dans le 
bras est disposd comme si elle e’tStait phvsiquement eflectu^e : les muscles, les 
art^res, les nerfs ont suivi le mouvement de rotation de I’extr^mit^ inflSrieure de 
I’hum^rus. Les autres dissemblances entre le bras et la cuisse sont de simples 
consequences de cette torsion. J’ose esperer que le lecteur partagera cette convic- 
tion ; car je d^montrerai que la disposition de toutes les parties molles du membre 
thoracique compares a celle des parties correspondantes du membre abdominal ne 
s'explique que par la torsion de Inum^rus : il est le seul os long dont le corps soit 
ainsi contourn^ en hdlice : en lui iraprimant cette forme la nature nous d^voile le 
proc^d^ simple et rationnel par lequel le sens de la flexion devient ant^rieur ou 
exteme de postdrieur qii’il ^tait. 

Nous trouvons dans I’histoire naturelle d ’autres exemples de ces efiets virtuels. 
La queue unique des poissons doubles figures par M. Uoste n’a qu’une colonne 
vert^brale : virtuellement cependant les deux colonnes existent dans la queue du 
poisson double ; mais la colonne centrale ne s’est pas d^velopp^e. Dans les v^g4- 
taux, m^mes faits ; dans toutes les Labi^es la levre sup^rieure de la coroUe est k 
un ou deux lobes, et elle contient les ^tamines, qui sont convexes en dessus. Mais 
dans la tribu des Ocimoi'd^es ( Ocimiim^ Orthosiphoji, Tlectranthus^ Coleus, See.) la 
l^vre sup6rieure est a 4 lobes ; I’inf^rieure, a un seul, correspond aux ^tamines, qui 
sont concaves en dessus. Il est admis par tous les botanistes que dans cette trmu 
la corolle est renvers4e ; et cependant jnmais aucun d’eux n’a vu ce renversement 
s’op^rer ; la fleur nait renvers^e, comme I’huni^rus nait tordu; je m’en suis assure sur 
des boutons de fleurs de VOcimmii camosum, qui n’avaient pas plus d’un millimetre 
de long. Dans toute cette tribu de v^getaux il y a done un renversement virtuel 
analogue k la torsion virtuelle de I’hum^rus des vert^br<5s. 

Composition de la tete f^norale du tibia . — Nous avons a d^montrer actuelle- 
ment que le chapiteau du tibia chez I’Homme et la plupart des Mammif&res 
est forint par la coalescence, la soudure des tetes du cubitus et du radius 
r4unis. Tous les anatomistes ont 4t6 frappi^s de la disproportion du tibia et 
du p4ron4 ; le premier formant une colonne massive, termin^e sup^rieurement 
par un ^norme chapiteau; le second, long, grMe, nminci, ^videmment atrophid 
et souvent r^duit, comme chez le cheval et les ruminans, a une simple apophyse 
Btyloide. D semole qu’en se transformant en tibia le radius se soit d^veloppd 
aux d^pens du cubitus, ou plutdt I’ait incorpord a lui. C’est ce qui a lieu en 
r^alit^, puisque le chapiteau du tibia est formd par la coalescence des tetes du 
cubitus et du radius. Ln effet on remarque sur le tibia deux fa^es orticulaii'es 
comme celles du cubitus et du radius. L’^pine qui s^pare les deux surfaces articu- 
laires ne correspond pas, comme on le dit g^n^ralement, a la Crete qui va du sommet 
de l’ol4crane & I’apo^yse coronoide, mais aFintervalle qui s4pare fa te^ du cubitus 
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de la cupule articulaire du radius. Si Ton place h c6t6 I’lm de Tautre un coude et 
un genou de squelette humain, et qii’on ks regarde de profil, il est impossible de 
m^coimaitre la ressemblance prodigieiise de la crete ant^rioure du tibia ^ partir de 
I’insertion du ligament rotulien jusqu’au dessous du tiera sup^rieur de I’os, avec la 
Crete post^rieure du cubitus, qui part de I’okcrane et se prolonge ^galement jus- 
qu’au dessous du tiers sup<5rieur de I’os. Toutes deux sont tranchantes, toutes deux 
offrent k leur partie moyeniie une incurvation dans le meme sens. Qu’on admette 
done ime coalescence des deux tetes du radius et du cubitus, ou qu’on dise simple- 
ment que le radius s’est d^velopp^ aux d^pens du cubitus pour former la t^te du tioia, 
toujours est-il qu’on ne saurait nier le caraetbre cubital cle la portion antdrieure du 
tiers sup^rieur du tibia. A partir de I’incurvation de la crete, la coalescence cesse, 
et la partie inkrieure du p^ron^ correspond a celle du cubitus seul, tandis que la 
partie inkrieure du tibia repr^sente imiquement cello du radius. 

L’analogie de la rotule et de I’okcrane a reconnue par Winslow, Vicq-d’Azyr, 
Sabatier, Soemmering, Boyer, Meckel, Gerdy, J. Cloquet, Bourgery, Blandin, O. 
Ward, Cruveilhier, Henle, G. M. Hiimpliry, kc. L’anatomie compar^e confirmo 
cette analogic. Dans lea Pteropus^ la Chauve-soiiris vampire, et le lungouiri, I’ok- 
crane est separ^ du cubitus comme la rotule du tibia. Dans les Reptiles et les Oiseaux 
les deux os manquent a la fois. 

Une confirmation de ce que nous avons dit sur la conij^sition du chapiteau du 
tibia se trouve dans les Marsupiaux, tcls que Phafico/otiii/'t^ Phala/if/ida^ Dasyurm et 
Opossum. Dans le Phascolomys wombat le tibia et 1(‘ p6roue sont de memo gros- 
seur, le p<^ron6 s’articule avec le femur comme 1(‘ cubitus avec I’liumerus, et il porte 
une rotizle dont la forme est la meme que celle de Tokcrane de ranimiil. I^a crete 
du tibia manque. Dans cot animal le perone avec sa rotule repn%eute exaotement 
le cubitus, et le tibia correspond an radius seul. On trouve une conformation 
analogue dans le Pasyun/s macrourufi^ le Didelphys Azarw^ Phalnnyista vulpinay 
P. Cookii et autres. Dans I’Ornithorliynque lo tibia et le peront^ sont surmontds, le 

S remier d’une rotule, le second d’line apopbyse olecranienne. L’appareil rotulien 
u genou dtant double, I’appareil oldcranien "du coude Test (^galement, et I’okcrane 
est bifurqu^ et se termine par deux crochets. En rc^urnt';, dans les Phascolomes, 
les Phalangers, les Dasyures et les Opossum, ou le tibia ne repr^sente que le radius, 
le p^ron^, au contraire, lo cubitus tout entier, la rotule s’insero au pdron^ comme 
I’okcrane est uni au cubitus. 

Si Ton compare le coude et le genou dans les Mammiferes ordinaires, et en par- 
ticulier dans les Insectivores, les Rongeurs, les Ruminans, et les Solip^des, on 
arrive aux conclusions sidvantes : — 1. La tete du cubitus, e’est-a-dire I’oldcrano, 
et la cr^te qui lui fait suite dans le tiers superieur de I’os, existent dans tons les 
Mammiferes terrestres et amphibies. Les parties correspondantes du genou, savoir, 
la rotule et la ci'ete auterieure de I’os jusqu’au dessous de son tiers supt^rieure, sont 
^galement constantes. 2. Au coiitrau’c, le corps du cubitus, ou plus exactement, 
cet 08 , moins I’okcrane et la crete qui lui fait suite, n’est pas constant, il s’atro- 
phie ou se confond avec le radius, Le pt^ron^, qui correspond prhisdment h cette 
portion du corps cubital, non seulement s’atropliie et diininue de longueur en 
s’amincissant, mais disparait meme compktement dans le Dromodaire. 

La comparaison du pied avec la main par Mcq-d’Azyr a 4k admise par tons les 
anatoniistes; il en est de meme de Ldpaule et du bassin; mais il no faut pas, comme 
lui, comparer Tikum droit k Ikpaule gauche : il faut placer un petit miroir sous 
Tangle inkrieure de Tomoplate d'un squelette : en regardant Timage do cette omo- 
plate dans le miroir, on reconnait, pour ainsi dire, Tu^um plac4 au dessous, et Ton 
constate que la clavicule correspond a la branche horizontalo du piibk, Tapophyse 
coracoide k I’ischion, le bord spinal de Tomoplate a la crete de Tos des iles. Tangle 
inkrieur de Tomoplate a Tepine antdrieure et sup^rieure de Tikum,^ la fosse sus- 
dpineuse k la fosse iliaque exteme, la crete de Tomoplate et Tacronuon a la cr^te 
qui s^pare le petit du moyen fessier. Dans TOmithorjmque et VJSchidna le bassin 
et Tdpaule se ressemblent compktement. 

L’auteur a presentd a la Section une preparation oskologique qui kalise ses iddes. 
L’humerus est d4tordu et le radius transtbrm^ en tibia par Taddition de la partie 
okcranienne du cubitus : Tokcrane, 84par4 par la scie, repr4sente la rotule ; et le 
corps du cubitus, aminci dans sons tiers supeiieur, simule parfaitement le j^Ton6. 

1867. 
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Une photographie de cette preparation a 6t6 diatribude aui aanstans. La giavuie 
suivante en est la reproductaon. 

Comparaism deg muscles du memhre 
pelvim et du membre thoracique chez 
V Homme, — Chercher^ retroiiver tons 
lea muscles de la ciiiase et de la jambe 
dans le bras et dans I’avant-braa est 
^videinment chose impossible ; leur 
nombre n’est pas le meme. Mais il 
est d’abord certains muscles qui sont 
homoloqueSj c’est-a-dire, qiie leurs 
deux points d’attachc sont les 
inemes. A la ciiisse et an bras on 
remarque : 1(‘ .vprasphmtm ct le 
glutceus mefhus ; phdeeitg minor et 
infraspinatus \ iliacas inUnmas et 
subscapularis ; pars lonpa hicipitis 
femoris et coraco-hrachinlis ; Ics deux 
triceps ; pars hrevtor hicipit is femoris et hrachialis internm. A la jambe et k I'avant- 
bras : pophtevs et pronator terc '^ ; f/asfrocnemws externus et ulnaris intermis ; plantaris 
et palmaris lonpus ; perojwm hrems et ulnaris externus. Au pied et a la main abductor 
haUuns et adductor polhcts manusy mascidi lumhrivales ef interossei pedis et manus, 

Les muscles analog'iies sont ceux ou Tune des insertions est homologue, tandis 
quo 1 ’autre ne I’est pas. Ex. pluteus major et deltoidous; pectineus et pars clamcula-- 
ns pectoralis majons, (fee. Enfin il est des muscles qui sont sans analogues dvidents 
aux extremiti'^s pehiennes et thoraciques. Ex. Au bras, teres major et latimmm 
dor Si ; a la ciiisse, M. pynformkj obturafores, qu<idratus fentoris^ sartorius^ &c. A 
la jambe, 3 f. peromms Jonyus, A I’avant-bras, M. pronator quadratm, radialis €x~ 
ternm lom/ior, siqnnator brevis^ See. 

^ Ija poailion d{‘a muscles homologues et analogues est celle qui r^sulte de la tor- 
sion do 180^ de riuimorus. Les muscles qui sont en arriere au bras sont en avant 
alacuisse, Ex. Les triceps pronator teres brachii et 27 ipltteus. Ceux qui sont en 
dehors au bras sont en dedans a la cuisse, Ex. yastrocncmius externus et ulnaris 
inter nils. 

(htaparaison des arteres et des nerfs du memhre pehien et du memhre thoracique 
chez r TTomme. — A la partie sup^rieure du bras I’artere braehiale est plac6e, comme 
la crurale, on dedans et en avant de la tete de I’humerus ; mais lacrurale contoume 
le fthnur vers le quart inf(5rieur de I’os, et passe derrUre lui pour se placer entre aes 
condyles, ou elle prerid le nom de poplit^e. L’hum^rus etant on fimur tordUy son 
mouvemeiit de rotation a eu pour efFet de ramener les condyles en avant ©t d’en- 
trainerrartere,qui,conservRnt les memes relations avec les parties oeseuses, #© trouve 
jdao^e en avant dans le pli du bras. La radiale correspond a la tibiale poit^rieure j 
la cubit ale a la pt^roniere ; les interosseuses de la jambe k celles du bras. 

Comme les systemes musculaires et arWriels, le systeme nerveux dSmontre la 
i*^alit(^ de la torsion de I’hum^rus. Un des troncs nerveux, le sciatique, S,la cuisse 
le median, et le cubital au bras, sont dans le plan de la flexion. Les deux autres 
nerfs, le crural antt^rieur, a la cuisse, le radial, au bras, dans le plan de T^xtension, 
Mais k la cuisse tons les nerfs principaux restent dans le plan ou ile se trouraient 
a leur origine. Au bras, au contraire, le median et le cubital ob^issent aoette loi, 
tandis que le nerf radial quitte le plan interne d^s le quart sup^rieur du membre, se 
^rige en arriere, contoume I’os en h^lice, suivant sa ligne de torsion, y laisse 
1 empreinte de son passage et ressort sur la fiice exteme de I’os pour s© distribuer 
aux muscles qui s’y ins^rent. Tous les anatomistes ont^t^ frapp^ dela singularity 
do CO trajet, qui ne s’explique ni par des conditions de syrndme, ni par des adapta- 
tions fonctionnelles ; cai* pour gagner les muscles de la partie exteme dti bras le 
cbemin le plus court ytaii de pa.sser entre le biceps et le brachial antyrieur. Seule, 
la torsion de rhumynis rend compte dea difnSrences qui existent entre les systemes 
nerveux du bras et^ de la cuisse. Je siiis parvenu k lyaliser myeaniquement la 
transformation de Tappareil ner\’eiix de la cuisse en appareil nerveux du bras. 
Void comment, Je fixe le chef d’un cordon noir deniere un fymur du cdty droit 
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entre les deux trochanteuri. Ce cordon repr^sente le tronc sdatique. Je fixe son 
autre extr^mit^, qui figure le nerf sciatique poplit^ interne, entre les deux condvles 
fdmoraux. Du milieu de ce cordon en part un second, qui s’attaclie au conajde 
externe qu p^ron^ et simule le nerf poplit4 externe. Un autre cordon noir, 
attache en dedans du condyle interne ou tibial, repr^sente le nerf crural. Je place 
ensuite ce f^mur sur une table. Sa convexity est tournie en haut; le nerf sciatique 
et ses deux branches sont derriere Tos, dans leur position naturelle. Un aid© tient 
lachement I’extr^mit^ libre du cordon, qui repr^sente le nerf cnual, au-dessus de 
la tete du fi^mur. Les choses ainsi disposes, j© fais toumer vers moi le fiSmur ©t le 
cordon repr(5sentant le nerf sciatique, de 180° Le sciatique, suivant le mouvement 
de rotation, se trouve placed devant I’os au lieu de rester derriere, et I’extr^mit^ 
infi^rieure du nerf crural, entrain^e par le mouvement du condyle interne devenu 
externe, contourne le coi’ps du comme le nerf radial contoume le corps de 

riiumt^rus. Par ce mouvement de rotation de 180° j’ai simuliS la torsion qui trans- 
form© le f^mur en hum«5rus, et par cela seul j ’ai transform^ le syst^me nerveux de 
la cuisse en systeme nerveux du bras. 

La comparaison des membres deduite de la torsion de rhum^riis a ^t«5 d^ja admiso 
par Hugh Falconer,' Cruveilhier, Valentin, A. Pictet, Ch. Robin, Ch. Rouget, 
JBrown-Sequard, Beaunis et Bouchard, &c. L’auteur se propose de r^pondre 
bient6t a quelques objections qu’elle a soulev^es. 

Sur les Racines a6ri fires ou Vessies natatoireSy In S}fnonymie et la distribution 

geogrophiqne de quelqties esp^ces aq'uatiques du genre Jussiaea. Par Charles 

Martins, Professeur et Directeur du Jardin des Plantes de Montpellier, 

Le genre Jummi de la Famille des Onagraires so compose actuellement d^envi- 
ron 80 especes, les unes terrestres, les autres aquatiques, vdg^tant dans lea eaux 
douces et tranquilles de 1’ Asie, de 1’ Afrique, de 1’ Am^rique et de 1’ Australio. Rheede 
le premier llortus malabaricus,' t. ii. p. 90 et tab. 61 ; 1079) ligura sur les rameaux 
du Jimiesa repeals du Malabar des racines blanches, spongieuses et flottantes dans 
I’eau. Ces organes furent revus par Humboldt et Bonpland sur le J. natam de la 
Nouvelle Grenade, par John Sims sur le J. grandiflora au Jardin de Kew^ et par 
Delile sur la meme plante, comme le prouve une note manuscrite de sa mam dans 
I’herbier du Jardin de Montpellier. Plus tard de Marti us donnait le nom de J, 
helminthm'him a une plante de Bahia, et Hasskarl d^crivit avec plus de ddtail les 
racines du J. repens de .Java. Ayant reyu des graines du Jtmicca repem ddeouvert 
pres de Bone, en AlgiSrie, et la plante v^getant tres-bien dans le Jardin, je r^sqlus 
de r^tudier simidtant^nient avec le J. gramlifioray qui non seulement se maintient 
dans un canal de I’ticole botanique depuis 1823, mais encore s’est natmalis6 depuis 
1830, dans la petite riviere du Lez pres Montpellier et les canaux d^rrigation qui 
en dependent. 

Racines aerifires des Jussiaea repens et J. grandiflora. — Quand on dtudi© C6fl 
deux plantes on trouve qu’elles ont quatre sortes de racines naissant sur les renfid- 
mens des rameaux immerg«Ss qui portent 6galement des feuilles et des fieurs. 1°. 
des racines filiformes flottantes, non ramifi(5es, situ<§e8 vers lY‘xtr6mitt1 des rameaux. 
2°. des racines rameuses ou plut6t pectiniformes ^galement flottantes. 3^. Dea 
racines ^galement pectiniformes mais dont Taxe est devenu plus ^pais, blancli4tr© 
et spongieux; celles-ci flottantes ou s’enfon^ant dans la vase. 4'^. Enfin d©6 
racines d’un aspect difii^rent compldtement de celui des pr^c^dentes, simples, cylin- 
driques, ou comques, inoUes, spongieuses, blanchatres ou rqs^es, tom ours flottwtea 
et remplies d’une grande quantife d’air, ce sont les racines aSrifereSf v^ritablea 
vessies natatoires de la plante qu’elles soutiennent k la surface de f’eau. L’exam^ 
microscopique prouve qu’elles se composent d’un faisceau vasculaire central, puis 
d’un tissu cellulaire a grandes mailles lacunaires remplies d’air, qui sont en con- 
tact avec I’eau sans I’interposition d’une couche ^pidermique. Cette struotore, 
compar^e k celle d’une racme ordinaire rainifide, montre que la racine a^rilito 
n’est qu’une modification de la racine absorbante. Celle-ci se compos© en ©ffet: 

1. d’un faisceau vasculaire central, identique ft celui de la racine spongieuse; 

2. d’un tissu cellulaire form6 de rang^es de cellules prismatiques juxtapos^es au 
centre mais s^par^es vers la circonf^rence par des lacunes intercellmaires remplies 
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de gaz, et d’autant plus grandes qu’on les observe plus pr^s de la p^riph^rie ; 
S, (Tune couche ^pklerinique formee de plusieurs rang^es de cellules aUong^es. 
La transformation du tissu celliilaire en tissu lacunaire produit la distention et le 
raccourcissement de la racine, amene la destruction de I’^piderme, determine Tavor- 
tement presque constant des ramifications laterales, et transforme iin organe absor- 
bant en une veritable vessie natatoire qiii soutient les stolons du v^g^tal a la 
surface de Teau. Sur quelques individus le tissu spongieux aerifere se developpe 
6galement sur la tige et fait saillie a travers I’epiderme d^cliire. 

M. Moitessier, Agr^ge de cbimie a FEcole de Medecine do Montpellier, s’est 
assure par 15 analyses tr^s-concordantes, faites chaciine siir 15 a 30 centimetres 
cubes d’air, que ce"t air se compose en moyenne de 


Azote 87*0 

Oxygene 13*0 


100*0 

La composition de Fair dissous dans Feau etait de 31*3 pour cent d’oxygene dans 
Feau courante, et de 16*7 pour cent quand Feau ne se renouvelait pas, sans que la 
composition de celui des racines fiit aiFectde par ces difterences. Ainsi done dans les 
vegetauxaquatiques divers organes — ^les feuilles dans les Utricularia et V Aldrovandm 
imiculosay les petioles dans le Tmpa naians et le Pontcdcria cramjm^ les racines dans 
les Jussicpa aquatiques jouent le role de vessies natatoires. II en est de meme dans 
les animaux oii la vessie natatoire des Poissons est Fanalogiie du poiimoii des Mani- 
mif&res^ tandis que dans les Nau tiles ce sont les cliainbres de la eoquille, dans cer- 
tains Siphonophores des vesicules acSriennes on des boiicliers aeriferes, comme dans 
les V^leiles, qui soutieiinent Fanimal a la surface on dans une zone determinee 
au-dessous de la surface de Feau. Ainsi dans le regiu' animal comme dans le regne 
v<5g(Stal les memos fonetioiis sont remplies ]>ar des organes diflerens, qui n’ont jamais 
une destination unique et det(*rmiiuk‘ d’av ance. 

Synonymie et distrihidion yeoyraphi<iiie du Jussirea repens. — Apres avoir ciiltiv«5 
pendant cinq ans cette espece dans les conditions les plus varitSes de secheresse et 
d’humiditd, j’ai pu eonstater combien la forme, les dimensions, la pubescence de ses 
feuilles, la grandeur de ses lleurs, le port enfin tout entier de la plaiib' dtaient sujeta 
a varier. Bien familiarist^ avec ces variations d’un meme type spdcifiquej’ai aborde 
les herbiers etme suis assiird que le Jmsicea repenSy decrit par Linn^e en 1747 dans 
sa Q^lora Zeylanica’, avait re(;;u dix-liuit noms, en y comprenant le noni indien de Kir 
Caramhn, sous lequel Itheode Fa decrit le premier en 1079. Ces noms sont : Caryo- 
phyllus epw'itis pentapctalus aquatihs repmsj Hay; Lymnachia indica 

non papposa repem fiore qmitapeUilOj fructu caryoph/lloide^ Oommelin; Cuhospcrmum 
palustrCy Lour. ; Jimicen repcns, L. ; ,7. adscemtens, I^. ; J. diffusa, Forsk. ; J. yran- 
difhra, Mich. ; J. pepJoides, II., B., K. ; J, polyyo)ioides, IL, B., K. ; J. flxmalis, 
Blume ; Jussieva montevidensis, Hpr. ; J. ramtdosa^ DC.; *7. Sivartziaxia , DC.; *7. 
stolonifera, GuiU. et Per. ; Jimicua alternifoUa, E. Mey. ; Jussicea australasica, 
Ferd. Mull. ; J. Jlvitans, Hochst. 

La plupart de ces synonymes correspondent a la forme aquatique du Jmsicea repem 
v4g6tant dans des eaux tranquilles. La’ forme J. grandiflora des eaux 

courantes ; et les formes J. diffusa et surtout J. stolonifei'a celles des terrains d’abord 
humides puis dess^chds. Ij’auteur fait passer sous les yeux des assistans de nombreux 
^chantillons du Jmsicea repem cultivds dans difierentes conditions de secheresse 
et d’humidite, et d'autres provenant de divers pays. 

La synonymie si nombreuse de cette plante n’a rien de surprenant quand on sait 
combien elle est polymoiphe et combien son aire d’extension est considerable. On 
la troiive dans les quatre parties du monde; car elle occupe une large bande faisant le 
tour du globe et dont les deux bords extremes, paralleles a Fequateur et situes Fun 
dans Fhemisphere nord, Fautre dans F hemisphere sud, sont eloignes chacun de 35 
degres latitutoaux de la ligne equinoxiale. 
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Jeffreys (J. Qwyn) on the marine fauna 
and flom of tne south coast of Devon 
and Cornwall, 275; on dredging 
among the Shetland Isles, 431. 

Jenkin (Fleeming) on standards of elec- 
trical resistance, 474 ; on a modification 
of Siemens’s ‘‘Resistance-Measurer,” 
481 ; experiments on capacity, 483. 

Joide (Dr.) on standards of electrical 
resistance, 474 ; determination of the 
dynamical equivalent of heat from 
the thermal effects of electrical cur- 
rents, 612. 

Kane (Sir R.) on a uniformity of 
weights and measures, 408. 

Kent’s Cavern, Devonshire, report of the 
committee for exploring, 24. 

Le-vi (Professor Leone) on a uniformity 
of weights and measures, 468. 

Linne, observations of the crater, 3. 

Lockyer (J. N.) on mapping the surface 
of the moon, 1. 

Lubbock (Sir J., Bart.) on exploring 
Kent’s Cavern, Devonshire, 24. 

Luminous meteors, 18 00-07, report of the 
committee on, 288 ; catalogue of, 290. 

Lyell (Sir C.) on exploring Kent’s Ca- 
vern, Devonshire, 24. 

Marine fauna and flora of the south 
coast of Devon and Cornwall, 275. 

Mascarene Islands, Prof. A. Newton on 
the extinct didine birds of the, 278. 

Matthiessen (Dr. A.) on standards of 
electrical resistance, 474. 

Mauritius, Charles Meldrum on the me- 
teorolo^ of, 108; temperature of, 
109 f elastic force of vapour at, 111; 
humidity, 112; atmospheric pressure 
at, 113; pressure of dry air at^ 114; 
direction and veering of the wind at, 
115; force of the wjnd at, 110; 
amount of cloud at, 117 ; rainfall of, 
117 ; thunder and lightning at, 119; 
gales and hurricanes at, 119. 

Maxwell (Professor) on standards of 
electrical resistance, 474. 

Meldrum (Charles) on the meteorology 
of the Island of Mauritius, 108. 

Men-of-war, table of the performances 
of, 74. 


Meteors, catalogue of, 290 ; doubly ob- 
served, 372 ; large, 374 ; observations 
of the radiant-point of the November 
shower of, 391; brightness of, 396; 
colour of, 397 ; spectroscopic observa- 
tions of, 399; characteristic appear- 
ances 0 ^ 401 ; intermittent light, ^2 ; 
telescopic observations of, 405 ; cata- 
logue of luminous, and aerolites, 414. 

Methyl compounds, Dr. B.W. Richardson 
on the pliysiological action of the, 
47. 

Miller (Prof. W. A.) on a uniformity of 
weights and measures, 408 ; on stan- 
dards of electrical resistance, 474. 

Mitchell (Joseph) on the construction 
and works of the Highland railway, 161. 

Mollusca of the south coast of Devon 
and Cornwall, 275. 

Molluscoida, Rev. A. Merle Norman on 
the, procured by the Shetland dredg- 
ing committee, 137. 

Moon, report of the committee for map- 
ping the smfface of the, 1 ; alleged 
change on the surface of the, 3 ; spots 
on the surface of the, 0. 

My hie (R. W.), second report of the 
Rainfell Committee, 448. 

Napier (J. R.) on the analpis and con- 
densation of the information contained 
in the reports of the “Steam-ship 
Performance ” Committee, and other 
sources of information on the same 
subject, 58. 

Newton (l^rof. Alfred) on the extinct 
didine birds of the Mascarene Islands, 
278. 

Nitrite and nitrate of methyl. Dr. Rich- 
ardson on the physiological action of, 64. 

Norman (Rev. A. Merle) on the Crusta- 
cea, Molluscoida, Echinodermata, and 
Coelenterata procured by the Shetland 
dredging committee in 1807, 437. 

Paddle-steamers (merchant), table of the 
performances of, 05. 

Pengelly (William) on exploring Kent’s 
Cavern, Devonshire, 24, 

Phillips (Professor J.) on mapping the 
surlace of tlie moon 1 ; on exploring 
Kent’s Cavern Devonshire, 24 ; second 
report of the Rainfall Committee, 448, 

Plant-beds of North Greenland, preli- 
minary report of the committee for 
the exploration of the, 57. 

Polyzoa, Rev. A. Merle Norman on the, 
procured by the Shetland dredging 
committee, 440. 

Port Louis, in the Island of Mauritius, 
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Charles Meldrum on the meteorolo^ 
of, 108. 

Pritchard TRev. C.) on mapping the 
surface oi the moon, 1. 

Railway (Highland), Joseph Mitchell on 
the construction and works of the, 151. 

Rainfall of Mauritius, 117 ; monthly 
percentage of mean annual (England), 
450 j Mr. S. Marshall on the, of Ken- 
dal, 450.^ 

committee, second report of the, 448. 

Rain-gauges, examination of, 452. 

Ralfs (J.) on the marine fauna and flora 
of the south coast of l)e\ on and Coin- 
wall, 275. 

Rankine (Prof. J. W. M.) on the analysis 
and condensation of the infomiation 
contained in the reports of tlie 
Steam-ship Performance ” Commit- 
tee, and other sources of infoimation on 
the same subject, 58; on a unifor- 
mity of weights and measures, 408. 

^^Resistance-Measurer,” C. W. {Siemens 
on a, 479. 

(Siemens’s), Fleeming Jenkin on a 

modification of, 481. 

Richardson (Dr. B. W.) on the phy- 
siological action of the methyl com- 
pounds, 47. 

Rosse (Lord) on mapping the surface of 
the moon, 1. 

Rowe (J. Brooking) on the marine fauna 
and flora of the south coast of Devon 
and Cornwall, 275. 

Russell (J. Scott) on the analysis and 
condensation of the information con- 
tained in the reports of the Steam- 
ship Perfonnance ” Committee, and 
other sources of information on the 
same subject, 58. 

Schmidt (Herr) on mapping the surface 
of the moon, 1. 

Scott (Robert H.) on the exploration of 
the plant-beds of North Greenland, 57. 

Screw-steamers (merchant), table of the 
performances of, 70. 

Shetland Isles, J. Gwyn Jefireys on 
dredging among the, 431. 

Shetland seas, Edward Waller on the 
Foraminifera obtained in the, 441. 

Siemens (C. W.) on a uniformity of 
weights and measures, 468 ; on stan- 
dards of electrical resistance, 474 j on 
a Resistance-Measurer,” 479. 


Steam-ship Performance ” Committee, 
report of the committee appointed to 
analyze and condense the mformation 
contained in the reports of the, and 
other sources of inmrmation on the 
same subject, 58. 

Steel, experimental researches on the 
mechanical properties of, 161. 

Stewart (Balfour) on standards of elec- 
trical resistance, 474 ; on the marine 
fauna and flora of the south coast of 
Devon and Cornwall, 275. 

Sykes (Colonel) on a uniformity of 
weights and measm’es, 468. 

Symons (G. J.), second report of the 
Rainfall Committee, 448. 

Tetrachloride of carbon. Dr. Richardson 
on the physiological action of) 55. 

Thomson (Professor Sir W.) on stan- 
dards of electrical resistance, 474 ; on 
(‘lectrometers and electrostatic mea- 
surements, 489. 

Tunicata, Rev. A. Merle Norman on the, 
procured by the Shetland dredging 
committee, 439. 

Yarley (C. F.) on standards of electrical 
resistance, 474. 

Vivian (Edward) on exploring Kent's 
Cavern, Devonshire, 24. 

Waller (Edward) on the Foraminifera 
obtained in the Shetland seas, 441. 

Webb (Rev. T. W.) on mapping the 
surface of the moon, 1. 

Weights and measures, report on the 
best method of providing for a unifor- 
mity of, 468. 

Wheatstone (Professor Sir C.) on stan- 
dards of electrical resistance, 474. 

Williamson (Professor A. W.) on a 
uniformity of weights and measures, 
468; on standards of electrical resis- 
tance, 474. 

Woodward (Henry) on the structm*e 
and classification of the fossil Crus- 
tacea, 44. 

Wrottesley (Lord) on mapping the sur- 
face of the moon, 1 ; second report of 
the Rainfall Committee, 448; on a 
uniformity of weights and measures, 
468. 

Yates (James) on a uniformity of weights 
and measures, 468. 
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INDEX II. 


TO 

MISCELLANEOUS COMMUNICATIONS TO THE 
SECTIONS. 


[An abterisk (*) signifies that no abstract of the communication is given.'] 


♦Aborigines of Australia, John Craw- 
furd on the animal and vegetable food 
of the, 114. 

♦ , supposed, John Craufurd on the, 

of India, 114. 

Acclimatization, plant-, Dr. W. Lauder 
Lindsay on, in Scotland, with special 
reference to Tussac grass, 88. 

Accumulator, electrostatic, Sir W. Thom- 
son on a self-acting, 10. 

Accumulator, Sir W. Thomson on a uni- 
forni-electric-current, 16. 

Acid, Dr. M. Simpson andJDr. A. Gau- 
tier on a compound formed by the di- 
rect union of aldehyde and anhydrous 
prussic, 40. 

, J. A. Wanklyn and D. Schenk on 

the synthesis of caproic, 40. 

, succinic, Dr. Maxwell Simpson 

on the formation of, from chloride of 
ethylidene, 42. 

, sulphurous, P. Spence on the 

economization of, in copper-smelting, 
43. 

♦Acids, Dr. Phipson on the phenomena 
which occur when magnetized steel 
is dissolved in, 14. 

Africa, J. J. Pratt on the colony of New 
Scotland in, 128. 

, South-west, Thomas Baines on 

the ports of, 113. 

Age, to what extent is lichen-growth a 
test of ? 88. 

Alcohol, Sir D. Brewster on the motion 
and colours upon films of, 8. 

♦Alexander (Sir James E.) on the pre- 
servation of fishing-streams, 77. 

♦Algebraical equations. Rev. Prof. R. 
Harley on firute solutions of, 4. 


Allman (Prof.) on the structure of cer- 
tain hydroid medusas, 77. 

Amblystegium confervoides, Dr. J. Fra- 
ser on a moss new to Britain, 82. 

♦Ammonia, P. T. Main and A. R. Cat- 
ton on a new synthesis of, 40. 

♦ theoij, Dr. W. B. Richardson on 

coagulation of the blood, a correction 
of the, 103. 

Anderson (Lieut.), notes of a reconn ois- 
sance of some portions of Palestine, 
made in 1805-60, 111. 

(Dr. Thomas), Address as Presi- 
dent of the Chemical Section, 28. 

Anemometer (ether), A. E. Fletcher on 
an, for measuring the speed of air in 
flues and chimneys, 33. 

Aneroids, Dr. Balfour Stewart on the 
eiTors of, 26. 

♦Animal economy, Wentworth L. Scott 
on the presence of quinine and other 
alkaloids in the, 104. 

Animals, Dr. G. Robinson on certain 
effects of the concentrated solar rays 
upon the tissues of living, immersed 
in water, 103. 

Annelids, Hebridean, Dr. McIntosh on 
Mr. J. G. Jeffrey s^s collection of, 92. 

Annelids, E. Ray Lonkester on the Imring 
of limestones by certain, 85. 

, Dr. McIntosh on the, 'of St. An- 
drews. 92. 

Ansell (G.) on an apparatus for indi- 
cating the pressure and amount of 
firedanm in mines, 31. 

Ansied (Prof. D. T.), on the passage of 
schists into granite in the island of 
Corsica, 54; on the lagoons of Cor- 
sica, 54, 112. 
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Antiseptic properties of the sulphites, 
Dr. toUi on the, 103. 

Arabian race and language, John Craw- 
furd on the, 114. 

^Arbitration, E. Kenalds on, in the Not- 
tingham hosiery-manufacture, 145. 

Arboriculture, W . Brown on the claims 
of, as a science, 79. 

^Arbroath, A. Brown on the rainfall of, 
19. 

Arcs, circular, Professor W. J. M. lian- 
kine on the approximate drawing of, 
of given lengths, 5. 

Argyll (His Grace the Duke of) on the 
ranites and other rocks of Ben More, 

5. 

^Arran, E. A. Wiinscli on some carbo- 
niferous fossil trees imbedded in trap- 
pean ash in the island of, 73. 

Arthropoda, Dr. A. Dohrn on the mor- 
phology of the, 82. 

Aspirator, A. E. Fletcher on a self- 
registering perpetual, 32. 

Aster salignus, W . P. Iliem on the oc- 
currence of, in Wickeii Fen, Cam- 
bridgeshire, 84. 

Atmospheric air, Dr. J. Davy on the in- 
fluence of, on vital action as tested 
by the air-pump, 100. 

♦Australia, John CJrawfurd on the ani- 
mal and vegetable food of the abori- 
gines ot) 114. 

Baines (Thomas) on Walviscli Bay and 
the ports of South-West Africa, 113. 

Baker (Sir Samuel), Address as Presi- 
dent of the Geographical and Ethno- 
logical Section, 104. 

Balfour (Professor) on some rare plants 
recently collected in Scotland, 79. 

Barnes (J. W.), exploration of Beloo- 
chistan and Western Scinde, with a 
view to examining the subterranean 
supply of water, 113. 

Barnstaple Bay (Devonshire), II. S. 
Ellis on some mammalian remains 
from, 69. 

Bazalgette (J, Van-Norden) on the dif- 
ficmty of obtaining local information 
after reaching the summits of emi- 
nences from which extensive views 
are obtained, 162. 

Belcher (Admiral Sir E.) on methods 
for testing the speed of vessels over 
the measured mile, 163. 

♦Bell (I. Lowthian) on a method of re- 
covering sulphur and oxide of man- 
fiwese used at Dieuze, near Nancy, 
PVance, 31. 

Bell (Rev. P.) on reaping-machinery', 163. 


Beloochistan, exploration of, and West- 
ern Scinde, with a view to examining 
the subterranean supply of water, 113. 

Bennett (Dr. Hughes) on protagon in 
relation to the molecular theory of 
organization, 97 j on new investiga- 
tions to determine the amount of bile 
secreted by the liver, and how far this 
is influenced by mercurials, 98. 

Bergstroem’s boring machine, Dr. C. Le 
Neve Foster on, 164. 

Bierens de Haan (Dr. D.) on a theorem 
in the integral calculus, 4. 

Bile, Dr. II. Bennett on new investiga- 
tions to determine the amount of, se- 
creted by the liver, and how far this 
is influenced by mercurials, 98. 

Birds and birds' nests, A. li. Wallace on 
their plumage, or the relation be- 
tween sexual difierences of colour and 
the mode of nidification in, 97. 

Bird’s egg, shell of the. Dr. G. 0^1 vie 
on the adaptation of the, to the func- 
tion of respiration, 102. 

Birmingham wire-gauge, Latimer Clark 
on the, 163. 

♦Blood, Dr. W. B. Richardson on co- 
agulation of the, 103. 

Boring and tunnelling. General Haupt 
on the application of machinery to, 
165. 

Bo wring (Sir John) on productive la- 
bour 111 prisons as associated with the 
reformation of criminals, 136. 

Brass, Dr. .J. 1). Everett on the results 
of experiments on the rigidity of^ 163, 

Brewster (Sir D.) on the alleged cor- 
respondence between Pascal and New- 
ton, 1 ; on figures of equilibrium of 
liquid films, 0 j on the colours of the 
soap-bubble, 0 ; notice respecting the 
enamel photographs executed by Mr. 
M^Kaw, 8 ; on the motion and colours 
upon films of alcohol, volatile oils, 
and other fluids, 8; on the radiant 
spectrum, 8 ; on a haystack struck by 
lightning, 19. 

♦Bridge, suspension, A. S. Ilallidie on 
an improved, 155. 

Bridges, J. Clerk Maxwell on the theory 
of diagrams of forces as applied to 
roofs and, 150. 

British Columbia, P. N. Compton on 
the coast of, 114. 

British Museum, Andrew Murray on the 
future administration of the natural- 
history collections in the, 94. 

Broome (Capt. F.), i-eport on the recent 
explorations in the Gibraltar caves, 
66 . 



INDEX II. 


171 


♦Brown (A.), observations of the rain- 
fall of Arbroath, 19. 

Brown (Br. A. Crum), remarks on the 
calculus of chemical operations, 31. 

Brown (William) on the claims of arbo- 
riculture as a science, 79. 

♦Burton (F. M.) on the lower lias and 
traces of an ancient Rhsetic shore in 
Lincolnshire, 67. 

♦Oaird (James K.) on an iron camb for 
power-looms, 153. 

Caithness, C. W. Peach on fossil fishes 
of the old red sandstone of, 72. 

Calamine deposits, Gordon Davis on the, 
of Sardinia, 58. 

Calami tese, W. Carruthers on, and fos- 
sil E(|uisetacea3, 58. 

♦Calcining-kilns, J. Eckersley on J. II. 
Span’s improved, 153. 

♦Calcium (bisulphite of), W. L. Scott 
on the preservation of animal sub- 
stances by, 40. 

Calculus of chemical operations, Dr. A. 
Crum Brown on the, 31. 

Calcutta, P. M. Tait on the population ' 
and mortality of, 145. 

Cambrian rocks of Llanberis, G. Maw 
on the, with reference to a break in 
the conformable succession of the 
lower beds, 70. 

Cambridgeshire, J. F. Walker on a new 
j^hosphatic deposit near Up ware in, 

, W. P. Iliem on the occurrence of 

Aster salignus in Wicken Fen, 84. 

Campbell (Bugald) on Messrs. Wanklyn, 
Chapman, and Smith’s method of 
determining nitrogenous organic mat- 
ters in w^ater, 32. 

Capello (Senhor) on a comparison of the 
Kew and Lisbon magnetic curves 
during the disturbance of February 
20-25, 1866, 20. 

Carboniferous district of Lancashire, E. 
Hull on the relative geological ages of 
the principal physicm features oi the, 
03. 

♦ fossil trees, E. A. Wunsch on 

some, imbedded in trappean ash in 
the Island of Arran, 73. 

sedimentary rocks of the North of 

England, E. IIull on the structure of 
the Pendle range of hills as illustra- 
ting the south-easterly attenuation of 
the, 62. 

Carruthers (W.), enumeration of British 
OTaptolites, 57 ; on Calamitece and 
foasu Equisetacese, 68 j on British fos- 
sil CycadesB, 80. 


♦Catton (A. R.), a contribution towards 
the expression of the angle between 
the optic axes of a crystal in terms 
of the angles between the faces, 10 j 
on the theory of double refraction, 
with special reference to the influence 
of material molecules on the propa- 
gation of light in crystals, 10; on 
the laws of symmetry of crystalline 
forms, 10 ; on the synthesis of formic 
acid, 32 ; on Loewig’s researches on 
the action of sodium amalgam on 
oxalic ether, 32. 

Cejphalaspideau tishes, E. Ray Lankes- 
ter on some new, 63. 

Cephalopodoiis ova, Dr. Oollingwood on 
a new foim of, 100. 

♦Chambers (Dr. K.), notice of an 
Esker ” at St. Fort, 58. 

China seas, Dr. Oollingwood on some 
remarkable marine animals observed 
in the, 81. 

Chlorine, Walter Weldon on a now ma- 
nufacturing process for the perpetual 
regeneration of oxide of manganese 
used in the manufacture of, 48. 

Chontales, Nicaragua, Captain Bedford 
Pirn on the mining-district of, 127. 

♦Cinnamon, oil of, W. L. Scott on the 
artificial production of, 40. 

Civilization, Sir John Lubbock on the 
origin of, and the early condition of 
man, 118. 

Clark (Latimer) on the Birmingham 
wire-gauge, 153. 

♦Claudet (A.) on photographic portraits 
obtained by single lenses of rock ciys- 
tal and topaz, 10; on a mechanical 
means of producing the differential 
motion required to equalize the focus 
for the different planes of a solid, 
10 ; on a new fact of binocular vision, 
10 . 

Cleland (Professor) on the nerves of the 
cornea, 1(X) ; on some points connected 
with the joints and ligaments of the 
hand, 100 ; on the epithelium of the 
cornea of the ox in relation to the 
growth of stratified epithelium, 100. 

Climate, Rev. J. Gunn on the tertiary 
and quatemi^ deposits in the Eastern 
Counties, with reference to periodic 
oscillations of level and, 60. 

Cobbold (Dr.) on the entozoa of the 
common fowl and of game birds in 
.tbeir supposed relation to the grouse- 
disease, W. 

Cockle (the Hon. J.) on the inyerse 
problem of coresolvents, 8. 

Coinage, F, F. Fellows on the various 
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methods in which our, may be deci- 
malized, 138. 

♦Cold, Dr. W. B. Richardson on some 
effect produced by applying extreme, 
to certain parts oi the nervous system, 
103. 

Oollingwood (Dr.) on the geology of 
North Formosa, 58 ; on the habits of 
fiyingfish, 80; on some remarkable 
marine animals observed in the China 
seas, 81 ; on pelagic floating animals 
observed at sea, 81 ; notes on oceanic 
Hydrozoa, 81 ; on Trichodesmium or 
sea-dust, 81; on a new form of ce- 
phalopodous ova, 100; on a boat- 
joumey across the north end of For- 
mosa from Tam-suy to Kelung, 113. 

, on the consumption of opium, 

137. 

Collomb (Edouard) et Charles Martin 
sur I’ancien glacier de la valine d’Ar- 
celes dans les P^^r^n^es, 66. 

Colonies (British), Dr. W. Lauder Lind- 
say on the conservation of forests in, 
85. 

Colours of the soap-bubble, Sir D. Brew- 
ster on the, 6. 

Compton (P. N.) on the coasts of Van- 
couver’s Island, British Columbia, and 
Russian America, 114. 

Confectionery and marmalade trade of 
Dundee, C. C. Maxwell on the, 143. 

Coniston group, Prof. Hai’kness and Dr. 
Nicholson on the, of the Lake district, 
61. 

♦Convicts, male, on the utilization or 
more profitable employment of, 143. 

Copper-smelting, P. Spence on the eco- 
nomization OI sulphurous acid in, 43. 

Cornea, Professor Cleland on the nerves 
of the, 100 ; on the epithelium of the, 
of the ox in relation to the gTOwth of 
stratified epithelium, 100. 

Coresolvents, the Hon. J. Cockle on the 
inverse problem of, 3. 

Corsica, Irofessor 1). T. Ansted on the 
lagoons of, 64, 112 ; on the passage of 
schists into granite in the island of, 
54. 

Crags, upper and lower, J. E. Taylor on 
the relation of the, in Norfolk, 167. 

Crawfurd (John) on the antiquity of 
man, 114; on the dissemination of 
the Arabian race and t«J%uage, 114. 

♦ on the history Had migration of 

sacohariferous or su^ar-yieldmg plants 
in reference to ethnology, 114; on the 
animal and vegetable food of the abo- 
rigines of Ausfralia, 114 ; on the sup- 
posed plurality of the races of man, 


114; on the supposed aborigines of 
India as distinguished from its civi- 
lized inhabitants, 114; on the com- 
plexion. hair, and eyes as tests of the 
races of man, 114. 

Criminals, Sir John Bowring on pro- 
ductive labour in prisons as associated 
■with the reformation of, 136. 

♦Criswick (H. C.), life amongst the 
Vegs, 115. 

Crookes (W.) on a new polarizing pho- 
tometer, 32. 

♦Crosskey (Rev. W. H.) on the relation 
of the glacial shell-beds of the Carse 
of Gowrie to those of the West of 
Scotland, 68. 

CycadefB, W. Carruthers on British fos- 
sil, BO. 

C 3 ^clical symbol, Rev. Prof. R. Harley 
on a certain, 4. 

Dalton and [Dr. Henry, *Dr. N. de Kha- 
nikof on experiments for the verifica- 
tion of the laws of, on the absorption 
of gases by liquids, 34. 

Darien, Isthmus of, M. Lucien de Puydt 
on two explorations of the, with a 
view to discovering a practical line 
for a ship canal, 128. 

Davis (Gordon) on the' calamine depo- 
sits of Sardinia, 58. 

♦Davis (W. B.), a list of 6500 prime 
numbers, by, 4. 

Davy (Dr. John) on the influence of 
atmospheric air on vital action as 
tested by the air-pump, 100 ; on the 
character of the Negro, chiefly in re- 
lation to industrial habits, 116. 

Dohrn (Dr. Anton) on the morphology 
of the Arthropoda, 82. 

Dredging, notice of, by the late TI. P. C. 
Moller, off Fair Isle, between Orkney 
and Shetland, 93. 

Duff (M. E. Grant), Address as President 
of the Statistical Section, 132. 

Dundee, James Yeaman on the seal- and 
whale-fishings as prosecuted by the 
North-Sea fleet sailing from, 148. 

, Henry Gourlay on the shipbuild- 
ing at, 137. 

, C. C. Maxwell on the confectionery 

and marmalade trade of, 143. 

, J. G. Orchar on the engineering 

manufacture of, 144. 

, A. J. Warden on the linen manu- 
facture in, 145. 

♦ , statistics of the social condition 

of) 145. 

♦Dunn (R.) on the phenomena of life 
and mind, 101. 
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Dje-stuf!s, Dr. W. Lauder Lindsay on 
the present uses of lichens as, 38. 

Dynamo-magnetic machine, W. Ladd on 
a new form of, 13. 

Earth, Dr. Julius Schvarcz on the in- 
ternal heat of the, 73. 

^Eckersley (J.) on J. R. Swan’s im- 
proved calcining kilns, 153. 

Eclipse, total, of August 18, 1868, 
Major J. E. Tennant on the prepara- 
tions for observing the, 5. 

^Education, Professor J. E. T. Rogers 
on the funds available for developing 
the machineiy of, 145. 

Electric machines. Sir W. Thomson 
on, founded on induction and convec- 
tion, 18. 

Electricity, atmospheric, Dr. J. D. 
Everett on the results of observations 
of, at Kew Observatory and Windsor, 
Nova Scotia, 20. 

Electricity, T. Stevenson on a proposal 
to illuminate beacons and buoys by, 
conveyed through submarine wires 
connected with the shore, 14. 

Electrometers, Sir W. Thomson on a 
series of, for comparative measure- 
ments through great range, 10. 

Ellis (Henry S.) on some mammalian 
remains from the submerged forest in 
Barnstaple Bay, Devon, 59. 

Eminences, summits of, J. Van-Norden 
Baz£dgette on the difficulty of obtain- 
ing local information after reaching 
the, from which extensive views are 
obtained, 152. 

^Engineer, Scientific, W. W. Urquhart 
on some of the difficulties the, meets 
with in practice, 157. 

Engineering manufacture of Dundee, 
James G. Orchar on the, 144. 

England, Professor Leone Levi on the 
condition and progress of Scotland in 
relation to Ireland and, 140. 

Entozoa, Dr. Oobbold on the, of the 
common fowl and of game birds, in 
their supposed relation to the grouse- 
disease, 80. 

Epiglottis, G. D. Gibb on vocal and 
other influences upon mankind from 
pendency of the, 101. 

Epithelium, Professor Cleland on the, of 
the cornea of the ox in relation to the 
growth of stratified epithelium, 100. 

Equisetacete, W. Carruthers on Calomi- 
teas and fossil, 58. 

Esker,” Dr. R. Chambers on an, at 
St. Fort, 58. 

Ethnography, ancient, H. II. Howorth 


on some changes of surface affecting, 
117. 

, Mrs. Lynn Linton on the, of the 

French Exhibition as represented by 
national arts, 117. 

♦Ethnolo^, John Crawfiird on the his- 
tory and migration of sacchariferous 
or sugar-yielding plants in reference 
to, 114. 

Ethylidene, chloride of, Dr. Maxwell 
Simpson on the formation of succinic 
acid from, 42. 

Everett (Dr. J. D.) on the results of ob- 
servations of atmospheric electricity 
at Kew Observatory and at Windsor, 
Nova Scotia, 20 j on the results of 
experiments on the rigidity of glass, 
brass, and steel, 153. 

Exocoetiis, Dr. Collingwood on the 
habits of the, 80. 

Fauna, marine. Dr. Mlntosh on the 
invertebrate, of St. Andrews, 92. 

*Fawcus (George) on the stowage of 
ships’ boats, 154. 

Fellows (F. P.) on the various methods 
in which our coinage may be deci- 
malized, the advantages and disad- 
vantages of each, 138. 

Fernie (John) on the iron and steel 
shown at the Paris Exhibition, 154. 

Ferns, E. J. Lowe on the abnormal form 
of, 91. 

Films, liquid, Sir D. Brewster on 
figures of equilibrium of, G. 

of alcohol, volatile oils, and other 

fluids, Sir D. Brewster on the motion 
and colours upon, 8. 

Firedamp in mines, G. Ansell on an 
apparatus for indicating the pressure 
and. amount of, 31, 

Fishes, fossil, C, W, Peach on, of the 
old red sandstone of Caithness and 
Sutherland, with notices of some new 
to those counties, 72. 

♦Fishing streams, Sir J. E. Alexander 
on the preservation of, 77. 

Flame, Sir W. Thomson on volta-con- 
vection by, 17. 

Flax, New-Zealand, Dr. W. Lauder 
Lindsay on the obstacles to the utili- 
zation of the, 141. 

Fletcher (A. E.) on a self-registering 
perpetual aspirator, 32; on an ether 
anemometer for measuring the speed 
of air in flues and chimneys, 83. 

Flyingfish, Dr. Collingwood on the 
hatots of, 80. 

Forbes (George) on the meteor shower 
of August 1807, 20. 



174 


KBPORT — 1867. 


Forest-trees, is lichen-growth detri- 
mental to ? 87. 

Forests, Dr. W. Lauder Lindsay on the 
conservation of, in our colonies, 86. 

♦Formic acid, A. R. Catton on the syn- 
thesis of, 32. 

Formosa, Dr. Collingwood on a boat- 
mumey across the north end of, from 
Tam-auy to Kelung, 113. 

, North, Dr. Collingwood on the 

geology of, 68. 

, islands round the north of, Dr. 

Collingwood on the geology of, 68. 

Foster (C. Le Neve) on the Perseberg 
iron mines, Sweden, (Id; on Berg- 
stroem’s boring machine used at the 
Perseberg mines, Sweden, 164. 

France, Colonel Sykes on the report 
upon the state of the empire of, pre- 
sented to the senate and legislative 
body, February 18(i7, 145. 

Fraser (Dr. John) on a moss new to 
Britain, 82. 

Frith of Forth, D. Milne TTome on the 
old sea-clifts and submerged banks of 
the, (11. 

Fruit-trees, is lichen-growth detrimental 
to? 87. ^ 

♦Fuel, William Paterson on the con- 
sumption of, 160. 

Gales, C. Meldrum on the, and hurri- 
canes of the Indian Ocean, 21. 

♦Galloway (G. B.) on the application of 
the funds derived from patent-fees, 
164. 

Gases, Dr. N. de Khanikof on the ab- 
sorption of, by liq^uids, 34. 

Gautier (Dr. A.) and Dr. Maxwell Simp- 
son on a compound formed by the 
direct union of aldehyde and anhy- 
drous prussic acid, 40. 

Geikie (Archibald), Address as Presi- 
dent of the Geological Section, 49 ; on 
the progress of the geological survey 
of Scotland, 60. 

Gibb (G. D.) on vocal and other in- 
fluences upon mankind from pendency 
of the epiglottis, 101. 

Gibraltar caves, Capt. F. Broome’s re- 
port on the recent explorations in the, 

Gilbert (Dr.) and J. B. I.awes on the 
composition of #heat grown for 
twenty years in succession on the 
same land, 36. 

♦Glacial shell -beds of the Carse of Gow- 
rie, Eev. W. 11. Crosskey on the re- 
lation of the, to those in the West of 
Scotland, 68. 


Glacier, Tancien, Charles Martins et E. 
Collomb sur, de la vall4e d’ArgeRs 
dans les Pyr^n^ee, 66. 

Glass, Dr. J. D. Everett on the results 
of experiments on the rigidity of, 163. 

Giobiocephalus Svineval, Professor Tur- 
ner on the anatomy of the, 164. 

♦Gold coins of Columbia, New Granada, 
Chili, and Bolivia, Prof. Lawson on 
the analyses of, 37. 

Goldfields of Scotland, Dr. W. Lauder 
Lindsay on the, G4. 

Gourlay (Henry) on the shipbuilding 
at Dundee, 137. 

Graham (Cyril) on exploration in Pales- 
tine, 110. 

Granite, D. T. Ansted on the passage of 
schists into, in the island of Corsica, 
64. 

Granites, His Grace the Duke of Argyll 
on the, and other rocks of Ben More, 
66 . 

Graptolites, British, enumeration of, 67. 

, Dr. II. A. Nicholson on the, of the 

Skiddaw slates, 71. 

Graptolitidae, Dr. H. A. Nicholson on 
the nature and systematic position of 
the, 71. ^ 

♦Groig (David) on steam cultivation, 166. 

Grierson (Dr.) on the destruction of 
plantations at Drumlanrig by a species 
of vole, 82. 

Griffith sia corallina, C. W. Peach on the 
fructification of, 90. 

Grouse-disease, Dr. Cobbold on the en- 
tozoa of the common fowl and of game 
birds, in their supposed relation to 
the, 80. 

, Rev. H. B. Tristram on the zoo- 
logical aspects of the, 97. 

Gimn (Rev. J.) on tertiary and quater- 
nary deposits in the Eastern Coun- 
ties, (>0. 

Gutta-percha insulated wires, W . Hooper 
on the electrical properties of Mr. 
Hooper’s insulated wires compared 
with, 13. 

♦Ilalliday ( J ohn) on heating hot-houses, 
166. 

♦Hallidie (A. S.) on an improved sus- 
pension bridge, 166. 

Hand, Prof. Cleland on some points con- 
nected with the joints ana ligaments 
of the, 100. 

Harkness (ProH and Dr. H. A. Nichol- 
son on the (Joniston group of the 
Lake-district, 01. 

Harley (Rev. Prof. R.) on a certain cy- 
clical sjTnbol, 4. 
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*IIarieT(Rev. Pro£ R.]| on finite solutions 
of aigebiaical equations^ 4. 

Haupt ^General) on the application of 
machinery to boring and tunnelling, 
155. 

Heat, Dr. Julius Schvarcz on the in- 
ternal, of the earth, 73. 

Heaton (Dr. J. D.) on certain siftiula- 
tions of vegetable growths by mineral 
substances, 83. 

^Henderson (Frank) on the leather ma- 
nufacture of Dundee, 140. 

Hiern (W. P.) on the occurrence of 
Aster salignus in Wicken Fen, Cam- 
bridgeshire, 84. 

Hirst (T. Archer) on the alleged cor- 
respondence between Pascal and New- 
ton recently communicated to the 
French Academy, 2. 

Homme, C. Martins sur une nouvelle 
comparaison des membres pelviens et 
thoraciques chez T, les mammiferes, 
les oiseaux et les reptiles, d^duite de 
la torsion de I’humerus, 158. 

Hooper (W.) on the electrical induction 
of Mr. Hooper’s insulated wiies, com- 
pared with gutta-percha insulated 
wires, 13. 

♦Hot-houses, John Halliday on heating, 
155. 

Ho worth (H. H.) on some changes of 
surface alfecting ancient ethnography, 
117; on the origines of the Norse- 
men, 117. 

Hull (Edward) on the structure of the 
Pendle range of hills, Lancashire, as 
illustrating the south-easterly atte- 
nuation of the carboniferous sedimen- 
tary rocks of the North of England, 
G2; on the relathe geological ages 
of the principal physical features of 
the carboniferous district of Lanca- 
shire, 03. 

Hurricanes, C. Meldrum on the gales 
and, of the Indian Ocean, 21. 

♦Hydrocarbons, R. Smith on the gaseous 
products of the destructive distilla- 
tion of, 43. 

Hvdrozoa, oceanic, Dr. CoUingwood on, 

M. 

*India, Dr. Oldham on the geology of, 72. 

, John Crawfurd on the supposed 

aborigines^of, as distinguished from its 
civilized inhabitants, 1 14. 

Indian Ocean, C. Meldrum on the gales 
and hurricanes of the, 21. 

Indian*^, Wild, Professor A. Raimondy 
on the, inhabiting the forests of 
Huanta, Peru, 129. 


Induction-spark apparatus, C. W. Sie- 
mens on the, for illuminating beacons 
and buoys used in the first experi- 
ments made for the Northern-Lights 
Board, 14. 

Integral calculus, Dr. Bierens de Haan 
on a theorem in the, 4. 

Ireland, Professor Leone Levi on the 
condition and progress of Scotland in 
relation to England and, 140. 

Iron and steel, John Fernie on the, 
shown at the French Exhibition, 154. 

, Ferdinand Kohn on the, at the 

Paris Exhibition, 155. 

♦Iron floating forts, S. J. Mackie on, and 
other floating structmes, and on Daft’s 
method of construction of iron fabrics, 
150. 

Iron mines, Perseberg, C. Le Neve 
Foster on the, 60. 

Jerusalem, Captain C. W. Wilson on 
recent discoveries in and around the 
site of the Temple at, 131, 

Joints and ligaments of the hand, Pro- 
fessor Oleland on some points con- 
nected with the, 100. 

Jussiaea, Prof. 0. Martins sur les racinea 
adriferes ou vessies natatoires, la 
synonymie et la distribution g^ogra- 
pliique de quelques especes aqua- 
tiques du genre, 163. 

Kew and Lisbon magnetic curves, Senbor 
Capello on a comparison of the, during 
the disturbance of February 20-25, 
1806, 20. 

Kew Observatory, Dr. J. D. Everett on 
the results of observations at, and 
Windsor. Nova Scotia, 20. 

Khanikof (Dr. N. de), experiments for 
the verification of the laws of Dr. 
Henry and Dalton on the absorption 
of gases by liquids, 34. 

Kohn (Ferdmand) on the iron and steel 
at the Paris Exhibition, 155. 

Ladd (W.) on a new form of dynamo- 
magnetic machine, 13. 

♦ on a magneto-electric machine, 14. 

Lagoons of Corsica, Professor D. T. An- 

sted on the, 54, 112. 

Lake district. Professor Harkness and 
Dr. Nicholson on the Coniston group 
of the, 61. 

Language, John Crawfurd on the Ara- 
bian race and, 114. 

# ^ p. H, Tnoms on communi^ of, 

and unifonnily of notarion, w^hts, 
measures, and coinage, 145. 
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Lankester (E. Rav) on some new ce- 
phalaspidean fisnes, 63 ; on the boring 
of limestones by certain annelids, 85 ; 
on the anatomy of the limpet, 85 ; 
observations with the spectroscope on 
animal substances, 101. 

♦La Plata, exploration of the Grand 
Chaco in, 127. 

Lawes (J. B.) and Dr. Gilbert on the 
composition of wheat grown for twenty 
years in succession on the same land, 
36. 

♦Lawson (Prof. G.), notes of the ana- 
lyses of gold coins of Columbia, New 
Granada, Chili, and Bolivia; with 
some account of the operations of gold- 
mining in Nova Scotia, 37. 

♦Leather manufacture, Frank Hender- 
son on the, of Dundee, 140. 

Leprosy, II. J. Ker Porter on the pre- 
valence of, in the kingdom of Norway, 
144. 

Levi (Professor Leone) on the condition 
and progress of Scotland in relation 
to England and Ireland, 1 40. 

Lewis ( J.) on an improA ed marine steam- 
boiler, 155. 

♦Lias, lower, F. M. Burton on the, in 
Lincolnshire, 57. 

Lichen-growth, is it detrimental to 
forest and fruit-trees F 87. 

, to what extent is it a test of age ? 

88 . 

Lichens, Dr. W. Lauder Lindsay on the 
present uses of, as dye-stutfs, 38 ; on 
polymorphism in the fructification of, 

♦Life and mind, R. Dunn on the phe- 
nomena of, 101. 

♦Life, P. Melville on, its nature, origin, 
&c., 102. 

Life-boat, Professor Macdonald on the 
construction of the, 155. 

♦Life-boats, George Maw on covered, 
156. 

Lightning, note bv Sir I). Brewster on 
a hays&k struck bv, 10. 

Limestones, E. Itay ^Lankester on the 
boring of, by certain annelids, 85. 

Limpet, E. Ray Lankester on the ana- 
tomy of the, 85. 

♦Lindsay (tlie late J.) on a proof of 
the binomial theorem, 5. 

Lindsay (Dr. W. Lauder) on the pi*esent 
uses of lichens as dye-stuffs, 38 ; on 
the gold-fields of Scotland, 64; on 
the conservation of forests in our 
colonies, 85 ; is lichen-gwAAdh detri- 
mental to forest- and fruit-trees P 87 ; 
on plant-acclimatization in Scotland, 


with especial reference to Tussac grass, 
88 ; to what extent is lichen-growth 
a test of age ? 88 ; on polymorphism 
in the fructification of lichens, 89 ; on 
the obstacles to the utilization of New- 
Zealand flax, 141. 

Linen manufacture, A. J. Warden on 
the^ in Dundee and neighbourhood, 
145. 

♦Lingula-flags, J. Plant on the geology 
and fossils of the, at Upper Maw- 
ddacli, 72. 

Linton (Mrs. T^ynn) on the ethnogra- 
phy of the French Exhibition as re- 
presented by national arts, 117. 

Lisbon and Kew magnetic curves, Sen- 
hor Capello on a comparison of the, 
during the disturbance of February 
20-25, 18G6 20. 

Liver, Dr. 11. Bennett on new investi- 
gations to determine the amount of 
bile secreted by the, and hoAv far this 
is influenced by mercurials, 98. 

Li\ingstone-Search Expedition, Sir R. I. 
Murchison, Bart., on the, 126, 

Lowe (E. J.) on the abnormal forms of 
ferns, 91. 

Lubbock (Sir John) on some points in 
the anatomy of the Thysaniira, 91 ; on 
the origin of ciAilization and the early 
condition of man, 118. 

Macdonald (Prof.) on the construction 
of the life-boat, 155. 

♦ on on improved paddle-wheel, 

155. 

McIntosh (Dr.) on the invertebrate ma- 
rine fauna and fishes of St. Andrews, 
92; on Mr. J. G. Jc'ffreys’s collection 
of Hebridean annelids^ 92 ; on the 
annelids of St, Andrews, 92 ; expeii- 
ments with poisons, &c., on young 
salmon, 102. 

♦Maekie (S. J.) on iron floating forts, 
iron harbours, and other floating struc- 
tures, and on Daft’s method of con- 
struction of iron fabrics, 156. 

Magnetic curves, Senhor Capello on a 
comparison of the Kew and Lisbon, 
during the disturbance of Febiniary, 
20-25, 1866, 20. 

♦Magneto-electric machine, W. Ladd on 
a, 14. 

♦Main (P. T.) and A. R. Catton on a 
new synthesis of ammonia, 40. 

Mammalian remains, II. S. Ellis on some, 
from the submerged forest in Barn- 
staple Bay, Devon, 59. 

Mammiftws, Charles Martins «ur une 
nouvelle comparaison des membres 
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^Iviens et thoraciq[ues chez niomme, 
les, les oiseaux et les reptiles, d^duite 
de la torsion de rhum^rus, 168. 

Man, Sir John Lubbock on the origin of 
civilization, and the early conaition 
of, 118. 

f John Crawford on the antiquity 
of, 114. 

* f John Crawfurd on the plurality 

of the races of, 114 ; on the complexion, 
hair, and eyes as tests of the races of 
man, 114. 

♦Manganese, oxide of, I. Lowthian Bell 
on a method of recovering sulphur 
and, used at Dieuze, near Nancy, 
France, 31. 

— , Walter Weldon on a new manu- 
facturing process for the perpetual re- 
generation of, used in the manufacture 
of chlorine, 48. 

Mankind, G. D. Gibb on vocal and 
other influences upon, from pendency 
of the epiglottis, 101. 

Marmalade trade, C. C. Maxwell on the, 
ofpimdee, 143. 

Martins (Prof. Charles) sur une nou- 
velle comparaison des mombres pel- 
viens et thoraciqiies chez I’liomme, 
les mammiferes, les oiseaux et les 
reptiles, d<5duite de la torsion de 
r humerus, 158 j sur les racines a4ri- 
feps ou vessies natatoires, la s^nony- 
mie et la distribution g^ogi’aphique de 
quelques espies aquatiques du genre 
Jussisea, 163. 

— et Edouard Collomb sur I’ancien 

f lacier de la valine d’Argeles dans les 
^yr^n^es, 66. 

Masters (Dr. M. T.) on polliniferous 
ovules in a rose, 93. 

♦Matthew (Patrick), employer and em- 
ployed — capital and labour, 143. 

Maury (Captain M. F.) on the physictil 
geography of Nicaragua with reference 
to interoceanic transit, 126. 

Maw fGeorge) on the Cambrian rocks 
of I^nberis with reference to a break 
in the conformable succession of the 
lower bed, 70. 

♦ , on covered life-boats, 166. 

Maxwell (Charles C.) on the confec- 
tionery and marmalade trade of Dun- 
dee, 143. 

Maxwell (J. Clerk) on a real-image 
stereoscope, 11 ; on the theory of 
diagrams of forces as applied to roofs 
and bridges, 166. 

Ma^e (Messrs. Wallace and) on a 
Peruvian eimedition up the rivers 
Ucayali and Pachitea, 131. 

1807 .“ 


Medusie, IIydi*oid, Prof. Allman on the 
structure of certain, 77. 

(naked-eyedl, C. W. Peach on. 

found at Peterhead and Wick ana 
other British locdities, 96. 

Meldrum (C.l on the gmes and hurri- 
canes 01 the Indian Ocean south of 
the equator, 21. 

♦Melville (P.) on life, its nature, origin, 
&c.,102. 

♦Menteath (P. W. Stuart) on tertiary 
and posttertinry action in the Pyre- 
nees, 70. 

Mercurials, Dr. II. Bennett on new in- 
vestigations to determine the amount 
of bile secreted by the liver, and how 
far this is influenced by the use of, 98. 

Meteor sliower, George Forbes on tlie, 
of August 1867, 20. 

Meteorological obser\'ations at sea, F. 
W. Moffat on, 25. 

Metric system, reasons why the oiHce of 
warden of the standards should in- 
clude standard weights and measures 
of the, in addition to those of the 
imperial weights and measures, 146. 

Microscopical preparations, exhibitions 
of, 104. 

Milne Homo (1).) on the old sea-cliffs 
and submarine banks of the Frith of 
Forth, 61. 

♦Mitchell (Joseph) on a new mode of 
constructing the surface of streets and 
thoroughfares, 166. 

Moflat (F. W.) on meteorological obser- 
vations at sea, 25. 

♦Moffat (Dr. J.) on the luminosity of 
phosphorus, 11. 

Molecular theory of organization, Dr. 
Hughes Bennett on protagon in rela- 
tion to the, 97. 

Mbrch (O. A. L.), notice of dredging 
the late II. P. C. Moller, off Fair Isle, 
between Orkney and Shetland, 93. 

Moss, new, Dr. John Fraser on a, 82. 

Mount Pindus, Major K. Stuart on the 
Vlakhs of, 130. 

Murchison (Sir K. I., Bart.), observa- 
tions on the Livingstone-search expe- 
dition now in progress^ 126; on the 
International Prehistoric and Anthro- 
pological Congress, 126. 

Murray (Andrew) on the future admi- 
nistration of the natural-history col- 
lections in the British Museum, 94, 

Napier (J. R.) and Prof. W. J. Mac- 
quom Rankme on the use of move- 
able seats for slide-valves, 166. 

Natural-history collections of the Bri- 

12 
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tish Museum, Andrew Murray on the 
future administration of the, 94. 

Negro, Dr. John Davy on the character 
of the, chiefly in relation to industrial 
habits, 115. 

Nerves of the cornea. Prof. Cleland on 
the, 100. 

^Nervous system, Dr. W. B. Richardson 
on some effects prodiicini by applying 
extreme cold to certain parts of the, 
103. 

New Scotland, J. Pratt on the colony of, 
in Southern Africa, 128. 

Newton, Sir David Brewster on the 
alleged correspondence between Pas- 
cal and, 1. 

, T. Archer Hirst on the alleged 

correspondence between Pascal and, 
recently communicated to the French 
Academy, 2. 

New-Zealand flax. Dr. W. LaUder Lind- 
say on the obstacles to the utilization 
of the, 141. 

Nicaragua, Captain M. F. Maury on 
the physical geography of, with refer- 
ence to interoceanic transit, 125. 

, Captain Bedford Pirn on the mi- 
ning district of Choiitales, 127. 

, Lieut. S. P. Oliver on two routes 

through, 127. 

Nicholson (Dr. II. A.) and Prof. Ilark- 
ness on the Coniston group of the 
Lake-district, 01. 

Nicholson (Dr. H. A.) on the nature and 
systematic position of the Graptoli- 
tidoe, 71, 06j on the Graptolites of 
the Skiddaw slates, 71. 

Nitrogenous matter in water, Dugald 
Campbell on Messrs. Wanklyn, Chap- 
man, and Smith’s method of deter- 
mining, 32. 

Norfolk, John E. Taylor on the relation 
of the upper and lower crags in, 167. 

* ^ ,T. ^^att on the gradual altera- 

tion of the coast-line in, 73. 

Norsemen, H. H. Howorth on the ori- 
gines of the, 117. 

Noiway, H. J. Ker Porter on the preva- 
lence of ^^Spedalske” or leprosy in 
the kingdom of, 144. 

♦Oats, A. Stephen Wilson on the mea- 
sure and value of, 147. 

Ogilvie (Dr. G.) on the adaptation of 
the structure of the shell of the 
bird’s egg to the fimction of respira- 
tion, 102. 

Oils, volatile. Sir D. Brewster on the 
motion ana colours upon Aims of, 8. 

, T. T. P. Bruce Warren on the 


electrical resistances of fixed and vo- 
latile, 47. 

Oiseaux, Charles Martins sur ime compa- 
raison des membres pelviens et thora- 
ciques chez I’homme. les mammiffercs, 
les, et les reptiles, dt^duite de la tor- 
sion de rhum^i’u^, 168. 

^Oldham (Dr.) on the geology of India, 
72. 

♦Oldham (Janies) on the utilization or 
more profitable employment of male 
convicts, 144. 

Old Red Sandstone, C. W. Peach on fos- 
sil fishes of the, of Caithness and 
Sutherland, 72. 

Oliver (Lieut. S. P.), desciiption of two 
routes through Nicaragua, 127. 

♦Opium, Dr. (lollingwood on the con- 
sumption of, 137. 

Ojchar (James G.) on the engineering 
manufacture of Dundee, 144. 

Orkney, notice of dredging by the late 
TI. P. C. Moller off Fair Isle, between 
Shetland and, 93. 

Ovules, polliniferoiis, Dr. M. T. Maeteis 
on, in a rose, 93. 

Ox, Prof. Cleland on the epithelium of 
the comea of the, in relation to the 
growth of stratified epithelium, 100. 

♦Oxalic ether, A. R. Catton on Loewig’s 
researches on the action of sodium 
amalgam on, 32. 

Pachitea, Messrs. Wallace and Mnyne on 
aPciuvian expedition up the livers 
Ucayali and, 131. 

♦Paddle-wheel, Prof. Macdonald on an 
improved, 156. 

Palestine, Lieut. Anderson on a recon- 
noissance of some poi-tions of, made 
in 1865-66, 111. 

, Cyril Graham on exploration in, 

no. 

exploration fund, Captain 0. W. 

Wilson on the, 131. 

♦ , Rev. H. B. Tristram on the dis- 

tricts of, as yet imperfectly explored, 
131. 

Paris Exhibition, John Femio on the 
iron and steel shown at the, 164. 

— Ferdinand Kohn on the iron and 
steel at the, 166. 

, Mrs. Lynn Linton on the ethno- 

granhy of the, 117. 

Pascal and Newton, Sir David Brewster 
on the alleged correspondence be- 
tween, 1. 

, T. Archer Hirst on the alleged 

correspondence between, recently com- 
mimicated to the French Academy, 2. 
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♦Patentyfees, G. R Galloway on the ap- 
j^ation of the funds derived from, 

♦Paterson (William) on the consump- 
lion of fuel, 166. 

Peach (C. W.) on fossil fishes of the 
Old Ked Sandstone of Caithness and 
Sutherland, with notice of some new 
to those counties, 72 ; on the fructi- 
fication of Griffithsia corallina found in 
the West Voe, Outskerries, Shetland, 
90 ; on naked-eyed medusas foimd at 
Peterhead and Wick and other Bri- 
tish localites, 90. 

Pelagic floating animals, Dr. Colling- 
wood on, observed at sea, 81 . 

Pendle range of hills, E. Hull on the 
structure of the, as illustrating the 
south-easterly attenuation of the car- 
boniferous sedimentary rocks of the 
north of England, 02. 

♦Perkins ( W.), exploration of the Grand 
Chaco in La Plata, with an account of 
the Indians, 127. 

Peru, Prof. A. Raimondy on the Wild 
Indians inhabiting the forests of 
Hiianta, 120. 

Peterhead, C. W. Peach on the naked- 
eyed medusQo found at, 90. 

♦Phipson (Dr. L. T.) on the phenomena 
which occur when magnetized steel 
is dissolved in acids, 14. 

Phosphatic deposit, J. F. Walker on a 
new, 73. 

♦Phosphorus, Dr. J, Moffat on the lumi- 
nosity of, 11. 

Photographs, enamel, notice by Sir 
David Brewster respecting, executed 
by Mr. M‘Ilaw, 8. 

Photography, John Spiller on certain 
new processes in, 46. 

♦Photometer, W. Crookes on a new 
polarizing, 32. 

Pirn, Captain Bedford on the mining 
district of Chontales, Nicaragua, 127. 

♦Plant (John) on the geology and fossils 
of the Lingula-flags at tipper Maw- 
ddach, North Wales, 72. 

Plant-acclimatization, Dr. W. Lauder 
Lindsay on, in Scotland, with especial 
reference to Tussac grass, 88. 

Plantations, Dr. Grierson on the de- 
struction of, ^ a secies of vole, 82. 

Plants (rare), Prof, Balfour on some, 
recently^collected in Scotland, 79. 

Poisons, Br. MO^ntosh on experiments 
with, on young salmon, 102. 

PoUi (Dr.) on the antiseptic properties 
of the sulphites, 103. 

Polymorphism, Dr, W. Lauder Lindsay 


on, in the fructification of lichens, 
89. 

Porter (Henry J. Ker) on the prevalence 
of ** Spedalske ” or leprosy in the 
kingdom of Norway, 144. 

*Power looms, J. K. Caird on an iron 
camb for, 163. 

Pratt (,T. J.) on the colony of New Scot- 
land in Southom Africa, 128. 

Prehistoric and 'Anthropological Con- 
gress, Sir 11. I. Murcliison, Bart., on 
the, 126. 

Prisons, Sir John Bowring on productive 
labour in, as associated with the re- 
formation of criminals, 136. 

Protagon, Dr. Hughes Bennett on, in 
relation to the molecular theory of 
organization, 97. 

Pu3^ai (Lucien do), exploration of the 
isthmus of Darien, with a view to 
discovering a practical lino for a ship 
canal, 128. 

Pyr<5n<!^e8, C\ Martins et E. Collomb sur 
I’ancien glacier do la vailed d’Argelds 
dans les, 00. 

^Pyrenees, P. W. Stuavi Menteath on 
tertiary and posttertiary action in the, 
70. 


*Qiiinine, Wentworth L. Scott on the 
presence of, and other alkaloids in tlio 
animal economy, 104. 

Racines adriflVes, Prof. 0. Martins sur 
les, ou vessies natatoires, la synonymio 
etc. de quelques espdces aquatiques dii 
genre Jussiaoa, 103. 

Raimondy (Prof. A.) on the Wild In- 
dians inhabiting the forests of Iluanta, 
Peru, m. 

Rain-gauges, ,Tohn Thruston on the 
evaporation from, 28. 

Rankine (Prof. W. J. Mocquom) on the 
approximate dmwing of circular arcs 
oi given lengths, 6 ; Address as Pre- 
sident of the Mechanical Section, 140. 

and J, R. Napier on the use of 

moveable seats for slide-valves, 160. 

Renping-machinerv, Rev. 1*. Bell on, 
153. 

•Refraction, double, A. R. Cation on 
the theory of, 10. 

•Renals (E.) on arbitration in the Not- 
tingham hosiery manufacture, 146. 

Re^es, Charles Martins sur une oom- 
paraisott des membres pelviens et 
thoraciquea chez Thomme, les mam- 
miferes, les oiseaux, et les, ddduite de 
la torsion de Thumdras, 168, 

Respiration, Dr. G. Ogilvie on the adap- 
12 ^ 



180 


REPORT 1867. 


tation of the structure of the bird’s 
egg to the function of, 102. 

^IlicWdson (Dr. W. B.) on coagulation 
of the blood — a correction of the am- 
monia theory, 103 ; on some effects 
produced by applying extreme cold to 
certain parts of the nervous system, 
103. 

•Robertson (A.), statistics of the social 
condition of Dundee, 145. 

Robinson (Dr. G.) on certain effects of 
the concentrated solar rays upon the 
tissues of living animals immersed in 
water, 103. 

•Rock-crystal, A. Claudet on photogra- 
phic portraits obtained by single lenses 
of, 10. 

•Rogers (Prof. J. E. T.) on the funds 
available for developing the machinery 
of education, 145. 

Roofs and bridges, J. Clerk Maxwell on 
the theor}^ of diagrams of f{)rces ns 
applied to, 15G. 

Rose, Dr. M. T. Masters on polliniferous 
ovules in a, 03, 

Russell (R.) on some deductions by Dr. 
Tyndall from his recent experiments 
regarding the radiant and a})aorptive 
]^ropertics of vapour in the atmosjmere, 

Russian America, P. N. Compton on the 
coast of, 114. 


St. Andrews, Dr. M‘Intosh on the anne- 
lids of, 92 ; on the invertebrate marine 
fauna and fishes of, 92. 

Salmon, Dr. MTntosh on experiments 
with poisons &c. on young, 102. 

Sardinia, Gordon Davis on the calamine 
deposits of, 68. 

Schvarez (Dr. Julius) on the internal 
heat of the earth, 73. 

Schenk (R.) and J. A. Wanklyii on the 
synthesis of caproic acid, 40. 

Scliists, D. T. Ansted on the passage of, 
into granite in the island of Corsica, 
64. 

Scinde, Western, exploration of, and 
Beloochistan with a view to examin- 
ing the subterranean supply of water, 
113. 

Scotland, Prof. Balfour on some rare 
plants recently collected in, 79. 

• ^ Itev. W. 11. (hos^key on the re- 

lation of the Glacial shell-beds of the 
Carse of Gowrie to those of the west 
of, 68. 

, A. Geikie on the progress of the 

geological survey of, GO. 

, Prof. Leone Levi on the condition 


and progress of, in relation to England 
and Ireland, 140. 

Scotland, Dr. W. Lauder Lindsay on the 
goldfields of, 04; on plant-acclima- 
tization in, with special reference to 
Tussac grass, 88. 

•Scott (Wentworth L.) on the bisul- 
phite of calcium as a preservative of 
animal substances, 40 ; on the artificial 
production of oil of cinnamon, 40 ; on 
the presence of quinine and other al- 
kaloids in the animal economy, 101. 
Sea, Dr. Oollingwood on pelagic floating 
animals observed at, 81. 

Sea-clifFs, old, D. Milne Home on the, 
and submarine hanks of the Frith of 
Forth, 61. 

Sea-dust, Trichodesmium or. Dr. Col- 
ling wood on, 81. 

Seal-fishing, James Yeaman on, as pro- 
secuted by the North- Sea fleet hailing 
from Dundee, 148. 

Sharpey (Dr. W.), Address os President 
of the Biological Section, 74. 

Shetland, notice of dredging by the late 
II. P. C. Moller ofi' Fair Isle between 
Orkney and, 0.3. 

, C. W. Peach on the fructification 

of Grifiitlisia corallina, found in the 
West Voe, Outskerries, 96. 
Sliipbuilding, Henry Gourlay on the, 
at Dundee, 137. 

•Ships’ boats, George Fawcus on the 
stowage of, 154. 

Siemens (0. W.) on the induction-spark 
apparatus for illuminating beacons 
and buoys used in the first experi- 
ments made for the Northern Lights 
Board, 14. 

Simpson (Dr. Maxwell) and Dr. A. Gau- 
tier on a compound formed by the 
direct union of aldehyde and anhy- 
drous prussic acid, 40; on the for- 
mation of succinic acid from chloride 
of ethylidene, 42. 

Skiddaw slates, Dr. H. A. Nicholson on 
the Graptolites of the, 71. 
Slide-valves, J. R. Napier and Prof. W. 
J. M. Ranlrine on the use of move- 
able seats for, 166. 

•Smith (R.) on the gaseous products of 
the destructive distillation of hydro- 
carbons obtained from shales and coals 
at low and high temperatures, 48. 
Soap-bubble, Sir D. Brewster on the 
colours of the, 6. 

•Sodium, J. A, Wanklyn on the action 
of, on valerianic and similar ethers, 
47. 

Solar rays, Dr. G. Robinson on certain 
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effects of the concentrated, upon the 
tissues of living animals immersed in 
water, 103. 

Spectroscope, E. Ray Lankester’s obser- 
vations with the, on animal substances, 
101 . 

Spectrum, radiant, Sir 'D. Brewster on 
the, a 

Spedalske or lenrosy, H. J. Ker Por- 
ter on the prevalence of, in the king- 
dom of Norway, 144. 

Spence (Peter) on the economization of 
sulphurous acid in copper-smelting, 
43. 

Spiller (John) on the preservation of , 
stone, 44; on certain new processes 
in photography, 45. 

Standards, Warden of the, reasons 'why 
the office of, should include staiidnid 
weights and measures of the metric 
system in addition to those of tlu‘ im- | 
perial weights and measures, 147. i 

Steam-boiler, marine, J. licwis on an 
improved, 155. 

* Steam cultivation, David Oreig on, 155. I 

Steel, Dr. J. D. Everett on the results of ^ 
experiments on the rigidity of, 15.3. j 

Steel and iron, Ferdinand Kohn on the, 
at the Paris Exhibition, 155. 

, John Fernie on the, shown at the 

Paris Exhibition, 154. 

Stereoscope, J. Clerk Maxwell on a real- 
image, 11. 

Stevenson (T.) on a proposal to illumi- 
nate beacons and buoys, by electricity 
conveyed through submarine wires 
connected with the shore, 14. 

Stewart (Dr. Balfour) on the eiTors of 
aneroids at various pressures, 2(1 

Stone, John Spiller on the preservation 
of, 44. 

Storm- warnings. Colonel Sykes on their 
importance and practicability, 27. 

•Streets, Joseph Mitchell on a new mode 
of constructing the surface of, 150. 

Stuart (Major R.) on the Tlakhs of 
Mount Pindus, 130. 

Succinic acid, Dr. Maxwell Simpson on 
the formation of, from chloride of 
ethylidene, 42. 

Sulphites, Dr. Polli on the antiseptic 
properties of the, 103. 

Sulphur, I. Lowthian Bell on a method 
01 recovering, and oxide of manganese 
used at Dieuze, near Nancy, France, 31. 

Sulphurous acid, P. Spence on the 
economization of, in copper-smelting, 
43. 

Sutherland, C. W. Peach on fossil fishes 
of the Old Red Sandstone of, 72. 

Sykes (Colonel) on storm-warnings, 


their importance and practicability, 
27 ; on the report upon the state of 
the empire of France, presented to tlie 
Senate and Legislative Bodv, Febru- 
ary 1867, 145. 

•Symmetry, laws of, A. R. Catton on 
the, 10. 

•Tait (P. M.) on the population and 
mortality oi Calcutta, 145. 

Ta}lor (John E.) on the relation of tho 
upper and lower crags in Norfolk, 157. 

Tennant (Major J. F.) on the preparations 
for observing the total eclipse of 
August 18(38, 5. 

Tertiary and quaternary deposits, Rev. J. 
Gunn on, in the Eastern Counties, (50. 

•Topaz, A. C laudet on photographic 
ortraits obtained by single lenses of, 
0 . 

Tliennometer, telegraphic, Prof, C. 
IMi eat stone on a new, 11. 

Thompson (Prof. Allen), exhibition of 
microscopical pr«'parations by, 104. 

•Thoms (P. 11.) on community of lan- 
guage' and unifoimity of notation, 
weights, nK'apurea, niii coinage, 14(5, 

Thomson’s (Sir W.) Address to the 
Matbomatieal and Physical Section, 

1 ; on a self-acting electrostatic accu- 
mulator, 1(5; on a series of electro- 
meters for compnrativ e measurements 
through gi’i'nt range, 1(5 ; on volta- 
convection by fiame, 1 7 ; on electric 
machines founded on induction and 
convection, 18. 

•Tliruston (John) on evaporation from 
rain-gauges, 28. 

Thysanura, Sir John Lubbock on some 
points in the anatomy of tho, 91, 

Tnchodesmium, Dr. Colliiigwood on, 81. 

Tristram (Rev. 11. B.) on the zoological 
n.spects of the grouse-disease, 07. 

* on tho districts of Palestine as yet 

imperfectly explored, 131. 

Tunnelling, (leneral Ilaupt on the ap- 
plication of machinery to boring and, 

Turner (Prof.), exhibition of microsco- 
pical preparations, 104 ; on the ana- 
tomy of the pilot whale, 104. 

Tussac grass. Dr. W. Lauder Lindsay on 
plant-acclimatization in Scotland with 
special reference to, 88. 

Tyndall’s (Dr.) deductions regarding the 
radiant and absorptive properties of 
vapour, R. Russell on, if. 

Ucavali, Messrs. Wallace and Mayne on 
a'l^eruvian expedition up the rivers 
Pachitea and, ISl. 
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Upwai’e, Oambridgesliire, J. F. Walker 
on a new pboganatic deposit near, 73. 

♦Urqubart AV. W.) on some of the dif- 
ficulties tne scientific engineer meets 
with in practice, 157. 

Vancouver’s Island, P. N. Compton on 
the coast of, 114. 

Vegetable growths, Br. J, B. Heaton on 
certain simulations of, by mineral sub- 
stances, 83. 

Vega, II. 0. Oriswiolc on life amongst 
tne, 116. 

Vess^s, speed of, Admiral Sir E. Bel- 
cher on methods for testing the, over 
the measured mile, 163. 

Vessies iiatatoires (Prof. 0. Martins) siir 
les racines ai^riferes ou, la synonymic 
etc. de quolques espdces aquatiques du 
genre Jussi ne a, 1G3. 

* vision, binocular, A. Claudet on a 
new fact of, 10. 

Vital action, J)r. J. Davy on the influence 
of atmosphoiic air on, as tested by the 
air-pump, 100. 

Vlakhs, Major K. Stuart on the, of 
Mount Ifindus, 130. 

Vole, Dr. (hnorson on the de.siruction of 
plantations at Driinilanng by aspecit's 
of, 

Volta-eoiivt elion by dame, Sir W. 
Thomson on, 17. 

Walk(‘r (J. E. ) on a now phosphatic de- 
posit near Dpwaro, (Jambridgosliire, 

Wallace (A. B.) on bird’s nests and 
their plumage, or tlie relation between 
sexual difibrences of colour and the 
mode of nidification in birds, 97. 

Wallace (Messrs. Mayne and) on a Peru- 
vian expedition up the rivers l^cayali 
and Pachitea, 131. 

W^alvisch Bay, Thomas Baines on, and 
the ports of South-West Africa, 113. 

♦Wanxlyn (J. A.) on the existence of 
putrescible matter in river and lake 
waters, 47 ; on the action of sodium 
on valerianic and similai’ ethers, 47. 

— and 11. Schenk on the synthesis of 
caproic acid, 46. 

Warden (Alexander J.) on the linen 
manufacture in Dundee and neigh- 
bourhood, 146. 

Warden of the Standards, reasons why 
the office of, should include standard 
weights and measures of the metric 
system in addition to those of the im- 

W parial weights and measures, 147. 
arren (T. T. Bruce) on the electrical 
resistances of fixed and volatile oils, 47. 


Water, J. W. Barnes on an exploration 
of Beloochistan and Western Scinde, 
with a view to examining the subter- 
ranean supp^ of, 118. 

, Bimald Camphell on Messrs. Wan- 

klyn, Chapman, and Smith’s method 
of determining nitrogenous matter 
in, 32. 

, Br. O. Bobinson on certain effects 

of the concentrated solar rays upon the 
tissues of li\ ing animals immersed in, 
103. 

* Waters, river and lake, J. A. Wan- 

klyn on the existence of putrescible 
matter in, 47. 

Weldon (Walter) on a new manufactu- 
ring process for the perpetual regene- 
ration of oxide of manganese used in 
the manufacture of chlorine, 48. 

Whale, pilot. Prof. Turner on the 
anatomy of the, 104. 

W’^hale-fishing, James Yeaman on, as 
prosecuted by the North-Sea fleet 
hailing from Biindee, 148. 

Wheat, Dr. (filbert and J. B. Lawes on 
the composition of, grown for twenty 
years in succession ou the same land, 
JUJ. 

AVh(«atstono (Prof. C.) on a n'nv^iele- 
giapliic thermometer, 11. 

j Wick, C. W. Peach on the naked-eyed 
Meduseo found at, 96. 

I * Wilson (A. Stephen) on the measure 
and "value of oats, 147. 

Wilson (Capt. 0. W.) ou recent dis- 
coveries in and around the site of the 
temple at Jerusalem, 131; report on 
the Palestine Exploration Fund, 131. 

Windsor, Nova Scotia, Dr. J. 1). Everett 
on the results of observations of atmo- 
spheric electricity at Kew Observ atory 
and, 20, 

W ire-gauge,Birmingbam, Latimer Clark 
on the, 163. 

* Wunsch (E. A.) on some carboniferous 

fossil trees imbedded in trappean ash 
in the isle of Arran, 73, 

* Wyatt (J.) on the gradual alteration of 

the coaat-liue in Norfolk, 73, 

Yates (James), reasons why the office of 
warden of the standards snould include 
standard weights and measures of the 
metric system in addition to those of 
the imperial weights and measures, 

147, 

l^eaman (James), notes on seal- and 
whale-fishings as prosecuted by the 
North-Sea fleet hailing firom Dundee, 

148. 
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Meeting in August 1838, at Newcastle; — R. Owen, Report on British Fossil Reptiles ;<—E. 
Forbes, Report on the Distiibution or Pulrooniferous Mollusca in the British Isles;— -W. S. 
Harris, Third Report on the Progress of the Hourly Meteorological Register at Plymouth 
Dockyard. 

Together with the Transactions of the Sections, Rev. W. Vernon Harcourt’s Address, and 
Recommendations of the .Asbociation and its Committees. 

PROCEEDINGS of the TENTH MEETING, at Glasgow, 1840, 
Published at 1 5s, 

Contents : — Rev. B. Powell, Report on the recent Progress of discovery relative to Radiant 
Heat, supplementary to a former Report on the same subject inserted in the first volume of the 
Reports of the British Association for the Advancement of Science ; — J. D. Forbes, Supple- 
mentary Report on Meteorology ; — W. S. Harris, Report on Prof. WhewelPs Anemometer, 
now in operation at Plymouth ; — Report on The Motion and Sounds of the Heart,” by the 
London Committee of the British Association, for 1839-40 Prof. Schonbein, an Account of 
Researches in Electio-Chemistry ; — II, Mallet, Second Report upon the Action of Air and 
Water, whether fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, 
Wrought Iron and Steel ; — K. W. Fox, Report on some Observations on Subterranean Tem- 
perature ; — A.F. Osier, Report on the Observations recorded during the years 1837, 1838, 1839, 
and 1840, by the Self-registering Anemometer erected at the Philosophical Institution, Bir- 
mingham ; — Sir D. Brewster, Report respecting the two Series of Hourly Meteorological Ob- 
servations kept at Inverness and Kingussie, from Nov. Ist, 1838 to Nov, lit, 1839;— W* 
Thompson, Report on the Fauna of Ireland : Div. Feriehraia \ — C. J. B. Williams, M.D*, 
Report of Experiments on the Physiology of the Lungs and Air-T ubes Hev. J. 8, Henslow, 
Report of the Committee on the Preservation of Animal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E. Sabinc’a 
Address, and Recommendations of the Association and its Committees. 

PROCEEDINGS of the ELEVENTH MEETING, at Plymoiith, 
1841, Published at ISs, 6d, 

Contents : — Rev. P. Kelland, on the Present state of our Theoretical and Experimental 
Knowledge of the Laws of Conduction of Heat G. L. Roupell, M.D., Report on Polsona j— 
T. G. Bunt, Report on Discussions of Bristol Tides, under the direction of the Rev. W. Whewelli 
— D. Ross, Report on the Discussions of Leith Tide Observations, under the direction of the 
Rev. W. Whewell W, S. Harris, upon the working of Whewell’s Anemometer at Plymouth 
during the past year ; — Report of a Committee appointed for the purpoM of anpfidntend- 
ing the scientific cooperation of the Biitish Association in the System of Simultaneolia Obtevw 
vations in Terrestrial Magnetism and Meteorology ; — Reports of Committees appointed to pro- 
vide Meteorological Instruments for the use of M. Agassiz and Mr. M*Cord {—Report of a Com- 
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mUtee to superintend the reduction of Meteorological Observations; — Report of a Com- 
mittee for revising the Nomenclature of the Stars ; — Report of a Committee for obtaining In- 
struments and Registers to record Shocks and Earthquakes in Scotland and Ireland ;~^Report of 
a Committee on the Preservation of Vegetative Powers in Seeds ; — Dr. Hodgkin, on Inquiries 
into the Races of Man ;'-^Report of the Committee appointed to report how far the Desiderata 
in our knowledge of the Condition of the Upper Strata of the Atmosphere may be supplied by 
means of Ascents in Balloons or otherwise, to ascertain the probable expense of such Experi- 
ments, and to draw up Directions for Observers in such circumstances ; — R. Owen, Report 
on British Fossil Reptiles ; — Reports on the Determination of the Mean Value of Railway 
Constants D. Lardner, LL*D., Second and concluding Report on the Determination of the 
Mean Value of Railway Constants; — E. Woods, Report on Railway Constants Report of a 
Committee on the Construction of a Constant Indicator for Steam-Engines. 

Together with the Transactions of the Sections, Prof. Whe well’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the TWELFTH MEETING, at Manchester 

1842, Published at 10s. 6d. 

Contents : — Report of the Committee appointed to conduct the cooperation of the British 
Association in the System of Simultaneous Magnelical and Meteorological Observations ; — 
J. Richardson, M.D., Report on the present State of the Ichthyology of New Zealand ; — 
W. S. Harris, Report on the Progress of Meteorological Obscivations at Plymouth ; — Second 
Report of a Committee appointed to make Experiments on the Giouth and Vitality of Seeds ; 
— C. Vignoles, Report of the Committee on Railway Sections ; — Report of the Committee 
for the Preservation of Animal and Vegetable Substances; — Lyon Playfair, M.D., Abstract 
of Prof. Liebig’s Report on Organic Chemistry applied to Physiology and Pathology; — 
R. Owen, Report on the British Fossil Mammalia, Parti.; — R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Giowth of Plants ; — L, Agassiz, Report 
on the Fossil Fishes of the Devonian System or Old Red Sandstone ; — W. Faiibairn, Ap- 
pendix to a Report on the' Strength nnd other Propeities of Cast lion obtained from the Hot 
and Cold Blast D. Milne, Report of the Committee for Registciing Shocks of Earthquakes 
in Great Britain , — Report of a Committee on the constiuclion of a Constant Indicator for 
Steam-Engines, and for the dcteimiiiation of the Velocity of the Piston of the Self-acting En- 
gine at different jieiiods of ihe Stroke ; — J. S. Russell, Report of a Committee on the Form of 
Ships Report of a Committee appointed *‘to consider of the Rules by which the Nomencla- 
ture of Zoology may be established on a uniform and permanent basis ; ” — Report of a Com- 
mittee on the Vital Statistics of large Towns in Scotland ; — Provisional Reports, and Notices 
of Progress in special Researches entrusted to Committees and Individuals. 

Together with tlie Transactions of the Sections, iiord Francis Egerton’s Address, and Re- 
commendations of the Association and its CoramiUee^. 

PROCEEDINGS of the THIRTEENTH MEETING, at Cork, 

1843, Pttblished at 12s. 

Contents Robert Mallet, Third Repoit upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at Various Temperatuies, upon Cast lion, Wrought Iron, and 
Steel Report of tlie Committee appointed to conduct the coopciation of the British As- 
sociation in the System of Simultaneous Magnetical and Meteorological Observations ; — Sir 
J. F. W. Hcrscbel, Bart., Report of the Committee appointed for the Rediiction of Meteoro- 
logical Observations; — Report of the Committee appointed for Experiments on Steam- 
Engines; — Report of the Committee appointed to continue their Experiments on the Vitality 
of Seeds ; — J. S. Russell, Report of a Series of Observations on the Tides of the Frith of 
Forib and the East Coast of Scotland; — J. S. Russell, Notice of a Report of the Committee 
on the Form of Ships; — J. Blake, Report on the Physiological Action of Medicines; — Report 
of the Committee on Zoological Nomenclature ; — Report of the Committee for Registering 
the Shocks of Earthquakea, and making such Meteorological Observations as may appear to 
them desirable ; — Report of the Committee for conducting Experiments with Captive Balloons; 
— Prof. Wheatstone, Appendix to the Report ; — Report of the Committee for the Translation 
and Publication of Foreign Scientific Memoirs ; — C, W. Peach, on the Habits of the Marine 
Tcstacea Forbes, Report on the Moliusca and Radiata of the ^Egean Sea, and on their 
distribution, considered as bearing on Geology ; — L. Agassiz, Synoptical Table of British 
Fossil Fhhes, arranged in the order of the Geological Formations ; — R. Owen, Report on the 
British Fostil Mamnialiu, Pait 11.;— E. W. Binney, Report on the excavation made at the 
junction of the Lower New Red Sandstone with the Coal Measures at Colly hurst ;—W. 
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ThompsoUt Report on the Fauna of Ireland : Div. Inverieirata ; — Provisional Reportii and 
Notices of Progress in Special Researches entrusted to CommiUees and Individuals* 

Together with the Transactions of the Sections, Earl of Rosse*8 Address, and Recomineti* 
dations of the Association and its Committees. 

PROCEEDINGS of the FOURTEENTH MEETING, at York, IBU, 
Published at £1 . 

Contents : — W. B. Carpenter, on the Microscopic Structure of Shells ; — J. Alder and A. 
Hancock, Report on the British Nudi branchiate Mollusca; — R. Hunt, Researches on the 
Influence of Light on the Germination of Seeds and the Growth of Plants j — Report of a 
Committee appointed by the British Association in 1840, for revising the Nomenclature of the 
Stars j^Lt-Coi. Sabine, on the Meteorology of Toronto in Canada ; — J. Blackwall, Report 
on some recent researches into the Structure, Functions, and Economy of the Araneidea 
made in Great Britain ; — Earl of Rosse, on the Construction of large Reflecting Telescopes ; 
«-^Rev. W. V. Harcourt, Report on a Gas-furnace for Experiments on Vitrifaction and other 
Applications of High Heat in the Laboratory ; — Report of the Committee for Registering 
Earthquake Shocks in Scotland; — Repoit of a Committee for Experiments on Steam-Engines; 
—-Report of the Committee to investigate the Varieties of the Human Race Fourth Report 
of a Committee appointed to continue their Experiments on the Vitality of Seeds; — W. Fair- 
bairn, on the Consumption of Fuel and the Prevention of Smoke ; — F. Ronalds, Report con- 
cerning the Observatory of the British Association at Kew ; — Sixth Report of the Committee 
appointed to conduct the Coopeiation of the Biitish Association in the System of Simulta- 
neous Magnetical and Meteorological Observations; — Prof. Forchhammer on the influence 
of Fucoidal Plants upon the Formations of the Earth, on Metainorphism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate ; — H. E. Strickland, Report on 
the recent Progress and Present State of Ornithology ; — T. Oldham, Report of Committee 
appointed to conduct Observations on Subterranean Temperature in Ireland ; — Prof. Owen, 
Report on the Extinct Mammals of Aiutialia, uith descriptions of certain Fossils Indicative 
of the former existence in that continent oi laige Maisupiai Representatives of the Order 
Pachydermata ; — W. S, Ilains, Report on the woiking of Whewell and Osier’s Anemometers 
at Plymouth, for the years 1841, 1842, 1843 ; — W. R. Birt, Report on Atmosphciic M^ives; 
— L. Agassiz, Rappoit sur Ics Poissons Fos.dlcs tic PAigilc de Londies, with translalion ; — J, 
S. Russell, Report on Waves; — Piovisional Repot ts, and Notices of Pi ogress in Special Re- 
searches entrusted to Committees and Individuals. 

Together with the Tiansactions of the Scctl(ln^, Dean of Fily’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the FIFTEENTH MEETING, at Cambridge, 
1845, Published at 12s. 

Contents; — Seventh Report of a Committee appointed to conduct the Cooperation of the 
British Association in the System of Simultaneous Magnetical and Meteorological Observa- 
tions; — Lt.-Col. Sabine, on some points in the Meteorology of Bombay ; — J. Blake, Report 
on the Physiological Actions of Medicines ; — Dr. Von Boguslawski, on the Comet of 1843; 
— R. Hunt, Report on the Actinograph ; — Prof. Schonbein, on Ozone ; — Prof. Erman, on 
the Influence of Friction upon Thermo-Electricity; — Baron Senflenbcrg, on the Self- 
Registering Meteorological Instruments employed In the Observatory at Senftcnbergf— 
W. R. Birt, Second Report on Atmospheric Waves; — G. R. Porter, on the Progress and Pre- 
sent Extent of Savings^ Banks in the United Kingdom ; — Prof. Bunsen and Dr. Playfair, 
Report on the Gases evolved from Iron Furnaces, with reference to the Theory of Smelting 
of Iron ;— Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan 
Report of the Committee on the Registration of Periodical Phenomena of Animals and Vege- 
tables ; — Fifth Report of the Committee on the Vitality of Seeds ; — Appendix, 8rc. 

Together with the Transactions of the Sections, Sir J. F. W. Herschers Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SIXTEENTH MEETING, at Southampton, 
184-6, Published at 153. 

Contents: — G. O. Stokes, Report on Recent Researches in Hydrodynamics -Sixth 
Report of the Committee on the Vitality of Seeds ; — Dr. Schunck, on the Colouring Matters of 
Madder ; — J. Blake, on the Physiological Action of Medicines; — R. Hunt, Report on the Ac* 
tlnograph ; — R. Hunt, Notices on the Influence of Light on the Growth of Plants ^»-*R. L 
Eilis^ op the Rercut Progress of Analysis; — Prof. Forchhammer, on Comparative Analytical 
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Researches on Sea Water; — A. Erman, on the Calculation of the Gaussian Constants for 
1829; — G. 11. Porter, on the Progress, present Amount, and probable future Condition of the 
Iron Manufacture in Great Britain ; — W. R. Birt, Third Report on Atmospheric Waves;— 
Prof. Owen, Report on the Archetype and Homologies of the Vertebrate Skeleton 
J. Phillips, on Anemometry ; — J. Percy, M.D., Report on the Crystalline Flags; — Addenda 
to Mr, Bin's Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison's Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford, 

1847, Published at 18j. 

Contents: — Prof. Langberp, on the Specific Gravity of Sulphuric Acid at different de- 
grees of dilution, and on the relation which exists between the Development of Heat and the 
coincident contraction of Volume in Sulphuric Acid when mixed with Water; — R, Hunt, 
Researches on the Influence of the Solar Rays on the Growth of Plants ; — R. Mallet, on 
the Facts of Earthquake Phenomena; — Prof. Nilsson, on the Primitive Inhabitants of Scan- 
dinavia; — W, Hopkins, Report on the Geolog’cal Theories of Elevation and Earthquakes; 
—Dr. W. B. Carpenter, Report on the Microscopic Structuie of Shells ; — Rev. W. WheweH and 
Sir James C. Ross, Report upon the Recommendation of an Expedition for the purpose of 
completing our knowledge of the Tides; — Dr. Schunck, on Colouring Matters Seventh Re- 
port of the Committee on the Vitality of Seeds; — J. Glynn, on the Tmbine or Horizontal 
Water-Wheel of France and Germany; — Dr R. G. Latham, on the present state and recent 
progress of Ethnographical Philology ; — Dr. J. C. Prichard, on the vaiious methods of Research 
which contribute to the Advancement of Ethnology, and of the lelations of that Science to 
other branches of Knowledge; — Dr. C. C. J. Bunsen, on the results of the recent Egyptian 
researches in reference to Asiatic and African Ethnology, and the Classification of Languages ; 
—Dr. C. Meyer, on the Importance of the Study of the Celtic Language as exhibited by the 
Modern Celtic Dialects still extant; — Dr. Max Muller, on the Relation of the Bengali to the 
Arinn and Aboriginal Languages of India; — W. K. Birt, Fourth Report on Atmospheric 
Wti^ves; — Prof. W. H. Dove, Tcmperatuie Tables, with Introductory Remaiks by Lieut.-Col. 
E. Sabine ; — A. Ennan and H. Petersen, Third KepoU on the Calculation of the Gaussian Con- 
stants for 1829. 

Together with the Transactions of the Sections, SirRobeit Harry Inglis's Addiess, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS of the EIGHTEENTH MEETING, at Swansea, 

1 848, Published cU 9s, 

Contents: — Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors; — 
J. Glvnn on Water-pressure Engines ; — R. A. Smith, on the Air and Water of Towns ; — Eighth 
Report of Committee on the Growth and Vitality of Seeds ; — W. H. Dirt, Fifth Report on At- 
mospheric Waves ; — E. Schunck, on Colouring Matters; — J. P. Budd, on the advantageous use 
made of the gaseous escape from the Blast Furnaces at the Ystalyfera Iron Works; — R. Hunt, 
Report of progress in the investigation of the Action of Carbonic Acid on the Growth of 
Plants allied to those of the Coal Formations; — Prof. H. W. Dove, Supplement to the Tem- 
perature Tables printed in the Report of the British Association for 1847 ; — Remarks by Prof. 
Dove on his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in legard to Climatology dcducible from them ; with an in- 
troductory Notice by Lt.-Col. E. Sabine ; — Dr. Daubeny, on the progress of the investigation 
on the Influence of Carbonic Acid on the Growth of Ferns; — J. Phillips, Notice of further 
progress in Ancmometrical Researches; — Mr. Mallet’s Letter to the Assistant-General Secre- 
tary ;— A. Erman, Second Report on the Gaussian Constants ; — Report of a Committee 
relative to the expediency of recommending the continuance of the Toronto Magnetical and 
Meteorological Observatory until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton's Address, 
and Recommendations of the Association and its Committees. 

PROCEEDINGS of the NINETEENTH MEETING, at Birmingbain, 

1849, PuMisAed at 10s. 

Contents Rev. Prof. Powell, A Catalogue of Observations of Luminous Meteors Earl 
of Uosse, Notice of Nebulae lately observed in the Six-feet Reflector; — Prof. Daubeny, on the 
Influence of Carbonic Acid Gas on the health of Plants, especially of those allied to the Fossil 
Remains found in the Coal Formation ; — Dr. Andrews, Report on the Heat of Combination ; 
■-^Report of the Committee on the Registration of the Periodic Phenomena of Plants and 
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Animals ;-~Ninth Report of Committee on Experiments on the Growth and Vitality of Seeds ; 
— F. Ronalds, Report concerning the Observatory of the British Association at Kcw, from 
Aug. 9, 1848 to Sept. 12, 1849;’-‘R. Mallet» Report on the Experimental Inquiry on Railway 
Bar Corrosion;— W. R. Birt, Report on the Discussion of the Electrical Observations at Ke%v. 

Together with the Transactions of the Sections, the Rev. T. R. Robinson's Addi'etSi and 
Recommendations of the Association and its Committees. 

PROCEEDINGS op the TWENTIETH MEETING, at Edinburgh, 

1850, Published at 15^. 

Contents: — ^R. Mallet, First Report on the Facts of Earthquake Phenomena; — Rev. Prof. 
Powell, on Observations of Luminous Meteors; — Dr. T. Williams, on the Structure and 
History of the British Annelida; — T. C. Hunt, Results of Meteorological Observations taken 
at St. Michael’s from the 1st of January, 1840 to the 3l8t of December, 1849; — R. Hunt, on 
the present State of our Knowledge of the Chemical Action of the Solar Radiations Tenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds Major-Gen. 
Briggs, Report on the Aboriginal Tribes of India ; — F. Ronalds, Report concerning the Ob- 
servatory of the British Association at Kew E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge ; — R. MacAndrew, Notes on the Distribution and 
Range in depth of Molluscs and other Marine Animals, observed on the coasts of Spain, Por- 
tugal, Barbary, Malta, and Southern Italy in 1849; — Prof. Allman, on the Present State of 
our Knowledge of the Freshwater Polyzoa ; — Registration of the Periodical Phenomena of 
Plants and Animals ; — Suggestions to Astronomers for the Observation of the Total Eclipse 
of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster’s Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS op the TWENTY-FIRST MEETING, at Ipswich, 

1851, Published at 165. 6fi?. 

Contents: — Rev. Prof. Powell, on Observations of Luminous Meteors; — Eleventh Re* 
port of Committee on Experiments on the Growth and Vitality of Seeds Dr. J. Diew, on 
the Climate of Southampton ; — Dr. H. A. Smith, on the Air and Water of Towns ; Action of 
Porous Strata, Water and Organic Matter; — Report of the Committee appointed to consider 
the probable Effects in an Economical and Physical Point ofView of the Destruction of Tro- 
pical Forests ; — A. Henfrey, on the Reproduction and supposed Existence of Sexual Organs 
in the Higher Cryptogaraous Plants ; — Dr. Daubeiiy, on the Nomenclature of Organic Com- 
pounds ; — Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology;— 
Dr, T. Williams, Report on the Bntish Annelida; — R. Mallet, Second Report on the Facts of 
Earthquake Phenomena ; — Letter from Prof Henry to Col. Sabine, on the System of Meteoro- 
logical Observations proposed to be established in the United States ;— Col. Sabine, Report 
on the Kew Magnetographs; — J. Welsh, Report on the Performance of his three Magneto- 
graphs during the Experimental Trial at the Kew Observatory ; — F. Ronalds, Report concern- 
ing the Observatory of the British Association at Kcw, from September 12, 1850 to July 31, 
1851 ; — Ordnance Survey of Scotland. 

Together with the Transactions of the Sections, Prof, Airy’s Address, and Recom* 
metidations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SECOND MEETING, at Belfa.1, 

IB52, Published at I5s. 

Contents : — R. Mallet, Third Report on the Facts of Earthquake Phenomena;— Twelfth 
Report of Committee on Experiments on the Growth and Vitality of Seeds;— Rev. Prof. 
Powell, Report on Observations of Luminous Meteors, 1851-52; — Dr. Gladstone, ott the In- 
fluence of the Solar Radiations on the Vital Powers of Plants ;— A Manual of Ethnological 
Inquiry ;— Col. Sykes, Mean Temperature of the Day, and Monthly Fall of Rain at 127 Sta- 
tions under the Bengal Presidency ; — Prof. J. D. Forbes, on Experiments on the Lawa of the 
Conduction of Heat; — R. Hunt, on the Chemical Action of the Solar Radiations ; — Dr, Hodgeti 
on the Composition and Economy of the Flax Plant; — W, Thompson, on the Fn^hwater 
Fishes of Ulster; — W, Thompson, Supplementary Report on the Fauna ofl reland ;—W, Willa, 
on the Meteorology of Birmingham; — J. Thomson, on the Vortex- Water- Wheel ; — J. B.Lawes 
and Dr. Gilbert, on the Composition df Foods in relation to Respiration and the Feeding of 
Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Addreta, and Recom* 
mendtttions of the Association and its Committees. 
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PROCEEDINGS of the TWENTY-THIRD MEETING, at Hull, 
1853, Published at 10^. 6d. 

Contents: — Rev* Prof. Powell, Report on Observations of Luminous Meteors, 1852-53; 
•—James Oldham, on the Physical Features of the Humber; — James Oldham, on the Rise, 
Progress, and Present Position of Steam Navigation in Hull; — William Fairbairn, Experi- 
mental Researches to determine the Strength of Locomotive Boilers, and the causes vrhich 
lead to Explosion; — J. J. Sylvester, Provisional Report on the Theory of Determinants 
Professor Hodges, M.D., Report on the Gases evolved in Steeping Flax, and on the Composition 
and Economy of the Flax Plant; — Thirteenth Report of Committee on Experiments on the 
Growth and Vitality of Seeds Robert Hunt, on the Chemical Action of the Solar Radiations; 
— John P. Bell, M.D., Observations on the Character and Measurements of Degradation of the 
Yorkshire Coast; First Report of Committee on the Physical Character of the Moon's Sur- 
face, as compared with that of the Earth ; — R. Mallet, Provisional Report on Earthquake 
Wave-Transits; and on Seismometrical Instruments; — William Fairbairn, on the Mechanical 
Properties of Metals as derived from repeated Meltings, exhibiting the maximum point of 
strength and the causes of deterioration ; — Robert Mallet, Third Report on the Facts ofEarth- 
quake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FOURTH MEETING, at Liver- 
pool, 1 854*, Published at 1 85 . 

Contents: — R. Mallet, Third Report on the Facts of Earthquake Phenomena (continued) ; 
— Majoi -General Chesney, on the Construction and General Use of Efficient Life-Boats; — Rev. 
Prof. Powell, Third Report on the present State of our Knowledge of Radiant Heat ; — Colonel 
Sabine, on some of the results obtained at the British Colonial Magnetic Observatories ; — 
Colonel Portlock, Report of the Committee on Earthquakes, with their proceedings respecting 
Seismometers ; — Dr. Gladstone, on the influence of the Solar Radiations on the Vital Powers 
of Plants, Part 2; — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1853-54; 
—Second Report of the Committee on the Physical Chaiacter of the Moon’s Surface ; — W. G. 
Armstrong, on the .\pplication of Water-Pressure Machinery ; — J. B. Lawes and Dr. Gilbert, 
on the Equivalency of Starch and Sugar in Food ; — .\rchibald Smith, on the Deviations of the 
Compass in Wooden and Iron Ships ; — Fourteenth Report of Committee on Experiments on 
the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Harrowby’s Address, and Re- 
commendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at \ 5s. 

Contents : — T. Dobson, Report on the Relation between Explosions in Coal-Mines and 
Revolving Storms; — Dr. Gladstone, on the Influence of the Solar Radiations on the Vital Powers 
of Plants growing under different Atmospheric Conditions, Part 3; — C. Spence Bate, on the 
British Edriophthalma ; — J. F. Bateman, on the present state of our knowledge on the Supply 
of Water to Towns; — Fifteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ; — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1854-55 ; 
—Report of Committee appointed to inquire into the best means of ascertaining those pro- 
perties of Metals and elfects of various modes of treating them which are of importance to the 
durability and efficiency of Artillery ; — Rev. Prof. Henslow, Report on Typical Objects in 
Natural History; — A. Follett Osier, Account of the Self- Registering Anemometer and Rain- 
Gauge at the Liverpool Observatory ; — Provisional Reports. 

Together with the Transactions of the Sections, the Duke of Argyll's Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel- 
tenham, 1856, PuMisJied at 18«. 

Contents Report from the Committee appointed to investigate and report upon the 
effects produced upon the Channels of the Mersey by the alterations which within the last 
fifty years have been made in its Banks; — J. Thomson, Interim Report on progress in Re- 
searches on the Measurement of Water by Weir Boards; — Dredging Report, Frith of Clyde, 
1856;— Rev. B. Powell, Report on Observations of Luminous Meteors, 1855—1856; — Prof. 
Bunsen and Dr. H. E. Roscoe, Photochemical Researches ;— Rev. James Booth, on the Trigo- 
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nometry of the Parabola, and the Geometrical Origin of Logaritiims R. MacAndrew, Report 
on the Marine Testaceous Mollusca of the North-east Atlantic and Neighbouring Seat, and 
the physical conditions affecting their development ; — P. P. Carpenter, Report on the present 
state of our knowledge with regard to the Mollusca of the West Coast of North America;—* 
T. C. Eyton, Abstract of First Report on the Oyster Beds and Oysters of the British Shores; 
— Prof. Phillips, Report on Cleavage and Foliation in Rocks, and on the Theoretical Expla- 
nations of these Phenomena : Part I. ; — Dr. T. Wright on the Stratlgraphical Distribution of 
the Oolitic Echinodermata ; — W. Fairbairn, on the Tensile Strength of Wrought Iron at various 
Temperatures ; — C. Atherton, on Mercantile Steam Transport Economy ; — J. S. Bowerbank,on 
the Vital Powers of the Spongiadoe; — Report of a Committee upon the Experiments conducted 
at Stormontfield, near Perth, foi the artificial propagation of Salmon ; — Provisional Report on 
the Measurement of Ships for Tonnage ; — On Typical Forms of Minerals, Plants and Animals 
for Museums ; — J. Thomson, Interim Report on Progress in Researches on the Measure- 
ment of Water by Weir Boards; — R. Mallet, on Observations with the Seismometer ; — A. 
Cayley, on the Progress of Theoretical Dynamics ; — Report of a Committee appointed to con- 
sider the formation of a Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS op the TWENTY-SEVENTH MEETING, at 
Dublin, 1857, Published at 15^. 

Contents: — A. Cayley, Hepoit on the Recent Progress of Theoretical Dynamics; — Six- 
teenth and final Report of Committee on Experiments on the Giowth and Vitality of Beedt ; 
— James Oldham, C.E., continuation of Report on Steam Navigation at Hull;— -Report of a 
Committee on the Defects of the present methods of Mcnsuiing and Registering the Tonnage 
of Shipping, as also of Marine Engine-Power, and to frame more perfect rules, in order that 
a correct and uniform principle ma^ be adopted to estimate the Actual Carrying Capabilities 
and Woiking-Power of Steam Ships; — llohert Weie Fox, Report on the Temperature of 
some Deep Mines in Cornwall; — Dr. G. Plarr, De ijnclqucs Transformations de la Somme 

i\T\t Cl ctant entier negatif, et de nuelques cas dans lesiiuels cette somme 
0 1^1 + * * 

est exprimable par une combinaison de fuctorielles, la notation afl + i d^signant le produit des 
t facteurs a (a + l) (a-f-S) &c....(a-f-/— 1); — G. Ditkie, M.D., Report on the Marine Zoology 
of Strangford Lough, County Down, and con esponding part of the Irish Channel; — Charles 
Atherton, Suggestions for Statistical Inqiiiiy into the extent to which Mercantile Steam Tram- 
port Economy is affected by the Constructive Type of Shipping, as respects the Proportiom of 
Length, Breadth, and Depth ; — J. S. Howcibank, Further Report on the Vitality of the Spon- 
giadae ; — John P. Hodges, M.D., on Flax; — Major-General Sabine, Report of the Committee 
on the Magnetic Survey of Great Britain ; — Rev. Baden Powell, Report on Observations of 
Luminous Meteors, 185(5-57 ; — C. Vignoles, C.E., on the Adaptation of Suspension Bridges to 
sustain the passage of Railway Trains; — Professor W. A. Miller, M.D., on Electro-Chemistry; 
— John Simpson, R.N., Results of Tliermometrical Observations made at the ‘Plover*#* 
Wintering-place, Point Barrow, latitude 71*^21^ N., long. 17^ W., in 1 852— 54 Charles 
James Hargreave, LL.D., on the Algebraic Couple; and on the Equivalents of Indeterminate 
Expressions; — Thomas Grubb, Report on the Improvement of Telescope and Equatorial 
Mountings; — Professor James Buckman, Report on the Experimental Plots in the Botanical 
Garden of the Royal Agricultural College at Cirencester ; — William Fairbairn on the Resistance 
of Tubes to Collapse ; — George C. 11) ndman, Report of the Proceedings of the Belfast Dredging 
Committee ; — Peter W. Barlow, on the Mechanical Effect of combining Girders and Suspen- 
sion Chains, and a Comparison of the Weight of Metal in Ordinary and Suspension Girders, 
to produce equal deflections witli a given load ; — J. Park Harrison, M.A., Evidences of Lunar 
Influence on Temperature ; — Report on the Animal and Vegetable Products Imported Into 
Liverpool from the year 1851 to 1855 (inclusive) ; — Andrew Henderson, Report on the Sta- 
tistics of Life-boats and Fi^hing-boats on the Coasts of the United Kingdom. 

Together with the Transactions of the Sections, Rev. H. Lloyd's Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-EIGHTH MEETING, at Laeda, 
September 1858, Published at 20s, 

Contents: — R. h|allet. Fourth Report upon the Facts and Theory of Earthquake Fbe- 
nomena ; — Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857-5$$— R. H. 
Meade, on some Points in the Anatomy of the Araneidea or true Spiders, especially on the 
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internal structure of their Spinning Organs; — W, Fairbairn, Report of the Committee on the 
Patent Laws;— S. Eddy, on the J^ead Mining Districts of Yorksliire W. Fairbairn, on the 
Collapse of Glass Globes and Cylinders ; — Dr. E. Perceval Wright and Prof. J. Reay Greene, 
Report on the Marine Fauna of the South and West Coasts of Ireland ; — Prof. J. Thomson, on 
Experiments on the Measurement of Water by Triangular Notches in Weir Boards; — Major- 
General Sabine, Report of the Committee on the Magnetic Survey of Great Britain ; — Michael 
Connal and William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, and Port 
Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 ; — Report of the Committee on Ship- 
ping Statistics; — Rev. H. Lloyd, D.D , Notice of the Instruments employed in the Mag- 
netic Survey of Ireland, with some of the Results; — Prof. J. R. Kinalian, Report of Dublin 
Dredging Committee, appointed 1857-58 ; — Prof. .1. R. Kinahan, Report on Crustacea of Dub- 
lin District; — Andrew Henderson, on River Steamers, their Form, Construction, and Fittings, 
with reference to the necessity for improving the present means of Shallow-Water Navigation 
on the Rivers of British India; — George C. Hyndrnan, Report of the Belfast Dredging Com- 
mittee Appendix to Mr. Vignoles's paper “On the Adaptation of Suspension Bridges to sus- 
tain the passage of Railway Trains;” — Report of the Joint Committee of the Royal Society and 
the British Association, for piociuing a continuance of the Magnetic and Meteorological Ob- 
servatories; — R. Beckley, Description of a Self-recording Anemometer. 

Together with the Transactions of the Sections, Prof. Owen’s Address, and Recommenda- 
tions of the Association and its Committees. 

PROCEEDINGS of the TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15^. 

Contents: — George C. Foster, Preliminary Repoit on the Recent Progress and Present 
State of Organic Chemistry ; — Professor Buckman, Report on the Growth of Plants in the 
Garden of the Royal Agricultural College, Cirencester Dr. A. Voelcker, Report on Field 
Experiments and Laboratory Researcheaon the Constituents of Manures essential to cultivated 
Crops A, Thomson, Esq. of Banchory, Report on the Aberdeen Industrial Feeding Schools ; 
—On the Upper Silurians of Lesmahago, Lanarkshire ; — Alphonse Gages, Report on the Re- 
sults obtained by the Mechanico-Cbemical Examination of Rocks and Minerals; — William 
Fairbairn, Experiments to determine the Efficiency of Continuous and Self-acting Breaks for 
Railway Trains;— Professor J. 11. Kmahan, Report of Dublin Bay Dredging Committee for 
1858-59; — Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858-59; 
—Professor Owen, Report on a Series of Skulls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq., lato Re- 
sident in Nepal, &c. &c. ; — Messrs. Maskelyne, Uadow, llardwich, and Llewelyn, Report on 
the Present State of our Knowledge regarding the Photographic Image ; — G. C. Hyndinan, 
Report of the Belfast Dredging Committee for 1859 ; — James Oldham, Continuation of Repoit 
of the Progress of Steam Navigation at Hull; — Charles Atherton, Mercantile Steam Trans- 
port Economy as affected by the Consumption of Coals; — Warren de la Rue, Report on the 
present state of Celestial Photography in England ; — Professor Owen, on the Orders of i’ossil 
and Recent Reptilia, and their Distribution in Time ; — Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request of the 
British Association, by the late John Welsh, Esq., F.R.S. ; — W. Fairbairn, The Patent Laws: 
Report of Committee on the Patent Laws, — J, Park Harrison, Lunar Influence on the Tem- 
perature of the Air; — Balfour Stewart, an Account of the Construction of the Self-recording 
Magnetographs at present in operation at the Kew Observatory of the British Association 
Prof. H. J. Stephen Smith, Report on the Theory of Numbers, Part 1.; — Report of the 
Committee on Steamship performance ; — Report of the Proceedings of the Balloon Committee 
of the British Association appointed at the Meeting at Leeds ; — Prof. William K. Sullivan, 
Preliminary Report on the Solubility of Salts at Temperatures above 100® Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and Recommends* 
tions of the Association and its Committees. 

PROCEEDINGS or the THIRTIETH MEETING, at Oxford, June 

and July 1860, Published at 15s. 

Contents:— James Gluishcr, Report on Observations of Luminous Meteors, 1859-60;-— 
J. R, Kinahan, Report of Dublin Bay Dredging Committee ; — Rev. J, Anderson, Report on 
the Excavations in Dura Den ; — Professor Buckman, Report on the Experimental Plots in the 
Botanical Garden of the Royal Agricultural College, Cirencester ; — Rev. R. Walker, Report of 
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tile Committee on Balloon Ascents ;~Prof. W. Thomson, Report of Committee appointed to 
prepare a Self-recording Atmospheric Electrometer for Kew, and Poi table Apparatus for ob- 
serving Atmospheric Electricity William Fairbairn, Experiments to determine the Effbct of 
Vibratory Action and long-continued Changes of Load upon Wrought-iiou Girders; — R. P, 
Greg, Catalogue of Meteorites and Fireballs., from a.d. 2 to a.d. 1800 ; — Prof. H. J. S. Smith, 
Report on the Theory of Numbers, Part II.; — Vice-Admiral Moorsom, on the Performance of 
Steam- vessels, the Functions of the Screw, and the Relations of its Diameter and Pitch to the 
Form of the Vessel; — Rev. W. V. Harcourt, Report on the Effects of long-continued Heat, 
illustrative of Geological Phenomena ; — Second Report of the Committee on Steamship Per- 
formance ; — Interim Report on the Gauging of Water by Triangular Notches ; — List of the 
British Marine Invertebrate Fauna. 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS of the THIRTY-FIRST MEETING, at Manches- 
ter, September 1861, PMished at £1. 

Contents: — James Glaisher, Report on Observations of Luminous Meteors; — Dr. E. 
Smith, Report on the Action of Prison Diet and Discipline on the Bodily Functions of Pri- 
soners, Part I. ; — Charles Atherton, on Freight as affected by Differences in the Dynamic 
Properties of Steamships ; — Warren De la Rue, Report on the Progress of Celestial Photo- 
graphy since the Aberdeen Meeting; — B Stewart, on the Theory of Exchanges, and its re- 
cent extension ; — Drs. E. Schunck, R. Angus Smith, and H. E. Hoscoe, on the Recent Pro- 
gress and Present Condition of Manufacturing Chcmn.try in the Souih Lancashire District;-— 
Dr. J. Hunt, on Ethno-Climatology ; or, the Acclimatization of Man ; — Prof. J.TIiom^on, on 
Experiments on the Gauging of Water by Triangular Notches , — Dr. A. Voekkei, Report on 
hield Experiments and Laboratory Reseai dies on the Constituents of Manures essential to 
cultivated Crops ; — Prof. H. Hennessy, Provisional Report on the Present State of our Know- 
ledge respecting the Transmission ol Soiind-signals during Fogs at Sea; — Dr. P. L. Sclater 
and F. von llochstetler, Report on the Present State of our Knowledge of the Birds of the 
Genus Apteryx living iii New Zealand ; — J. G. Jeffreys, Report of the Results of Deep-sea 
Dredging in Zetland, with a Notice of several Species of Mollusca new to Science or to the 
British Isles; — Prof. J. Phillips, Contributions to a Report on the Physical Aspect of the 
Moon; — W. R. Birt, Contribution to a Report on the Pliysical Aspect of the Moon; — Dr. 
Collingwood and Mr. Byerley, Preliminary Report of the Dredging Committee of the Mersey 
and Dee ; — Third Report of the Committee on Steamship Performance ; — J. G. Jeffreys, 
Preliminary Report on the Best Mode of preventing the Ravages of Teredo and other Animati 
in our Ships and Harbours; — ll. Mallet, Report on the Experiments made at Holyhead to 
ascertain the Transit-Velocity of Waves, analogous to Earthquake Waves, through the local 
Hock Formations ; — T. Dobson, on the Explosions in British Coal-Mines during the year 1859; 
— -J. Oldham, Continuation of Report on Steam Navigation at Hull ; — Professor (». Dickie, 
Brief Summary of a Report on the Flora of the North of Ireland ; — Professor Owen, on the 
Psychical and Physical Characters of the Mincopies, or Natives of the Andaman islands, and 
on the Relations thereby indicated to other Races of Mankind , — Colonel Sykes, Report of the 
Balloon Committee ; — Major-General Sabine, Report on the Repetition of the Magnetic Sur- 
vey of England; — Interim Report of the Committee for Dredging on the North and East 
Coasts of Scotland ; — W. Fairbairn, on the Resistance of Iron Plates to Statical Pressure and 
the Force of Impact by Projectiles at High Velocities ; — W. Fairbairn, Continuation of Report 
to determine the effect of Vibratory Action and long-continued Changes of Load upon 
Wrought-lron Girders ; — Report of the Committee on the Law of Pateiiis ; — Prof. H. J. S- 
Smith, Report on the Theory of Numbers, Part III. 

Together with the Transactions of the Sections, Mr. Fairbairn’s Address, and Recommen- 
dations of the Association and its Committees. 


PROCEEDINGS of the THIRTY-SECOND MEETING, at Cam- 
bridge, October 1862, Published at £1, 

Contents : — James Glaisher, Report on Observations of Luminous Meteors, 1861-42; — 
G. B. Airy, on the Strains in the Interior of Beams ; — Archibald Smith and P. Evans, 
Report on the three Reports of the Liverpool Compass Committee ; — Report on Tidal Ob- 
servations on the Humber ;— T. Aston, on Rilled Guns and Projectiles adapted for Attacking 
1867. 13 
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Armour-plate Defences; — Extracts, relating: to the Observatory at Kew, from a Keport 
presented to the Portuguese Government, by Dr. J. A. de Souza T. Mennell, Report 
on the Dredging of the Northumberland Coast and Dogger Bank ; — Dr. Cuthbert Colling- 
wood, Report upon the best means of advancing Science through the agency of the Mercan- 
tile Marine; — Messrs. Williamson, Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, 
Provisional Report on Standards of Electrical Resistance ; — Preliminary Report of the Com- 
mittee for investigating the Chemical and Mineralogical Composition of the Granites of Do- 
negal ; — Prof. n. Hennessy, on the Vertical Movements of the Atmosphere considered in 
connexion with Storms and Changes of Weather; — Report of Committee on the application 
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations ; — Fleeming 
Jenkin, on Thermo-electric Currents in Circuits of one Metal; — W. Fairbairn, on the Me- 
chanical Properties of Iron Projectiles at High Velocities; — A. Cayley, Report on the Pro- 
gress of the Solution of certain Special Problems of Dynamics ; — Prof. G. G. Stokes, Report 
on Double Refraction ; — Fourth Report of the Committee on Steamship Performance ; — 
G. J. Symons, on the Fall of Ram m the British Isles in 1860 and 1861 ; — J. Ball, on Ther- 
mometric Observations in the Alps ; — J. G. Jeffreys, Report of the Committee for Dredging 
on the N. and E. Coasts of Scotland ; — Report of the Committee on Technical and Scientific 
Evidence in Courts of Law ; — James Glaisher, Account of Eight Balloon Ascents in 1862 ; — 
Prof. H. J. S. Smith, Report on the Theory of Numbers, Part IV. 

Togetlier with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS of the THIRTY-THIRD MEETING, at New- 
castle-upon-Tyne, August and September IhGB, Puhluhed at £\ 5s. 

Contents : — Report of the Committee on the Application of Gun-cotton to Warlike Pur- 
pnses; — A. Matthiessen, Uejiort on the Chemical Nature of Alloys; — Report of the Com- 
mittee oil the Chemical and Mineialogical Constitution of the Granites of Donegal, and of 
the Rocks associated with them; — J. G. Jeffreys, Report of the Committee appointed for 
Exploring the Coasts of Shetland by means of the Dredge; — G. D. Gibh, Report on the 
Physiological Effects of the Bromide of Ammonium ; — C. K A ken, on the JVansmutation of 
Spectral Rays, Part 1. ; — Dr. Robinson, Keport of the Committee on Fog Signals, — Report 
of the Committee on Standards of Electrical Resistance ; — E. Smith, Abstract of Report by 
the Indian CJoverninent on the Foods used by the Fiee and Jail Populations m India; — A. 
Gages, Synlhetical Researches on the Formation of Minerals, &c. ; — R. Mallet, Preliminary 
Report on the Experimental Determination of the Temperatures of Volcanic Foci, and of the 
Tem])crature, Slate of Saturation, and Velocity of the issuing Gases and Vapours ; — Report 
of the Committee on Observations of Luminous Meteors; — tifth Report of the Committee 
on Steamship Fcrforrnauce ; G. J. Allman, Report on the Present State of our Knowledge 
of the Reproductive S\sleiu in the Ilydroida; — J Glaisher, Account of Five Balloon Ascents 
made in 1863; — P. P. Carpenter, Supplemental j Report on the Present State of our Know- 
ledge with regard to the Mollusea of the West Coast of North America; — Professor Airy, 
Report on Stcain-hoilcr Explosions; — C. W. Siemens, Observations on the Electrical Resist- 
ance and Elcetnficntion of some Insulating Materials under Pressures up to 300 Atmo- 
spheres; — C. M. Palmer, on the Constiuetion of Iron Ships and the Progress of Iron Ship- 
Imilding on the Tuie, Wear, and Tees; —Messrs. Richardson, Stevenson, and Claphain, on 
the Chemical Manufactures of the Nortliern Districts; — Messrs. Sopwith and Richardson, 
on the Local Manufacture of Lead, Copper, Zinc, Antimony, &c ; — Messrs. Daglish and 
Forster, on the Magnesian Limestone of Dm ham ; — I. L. Bell, on the Manufacture of Iron 
in connexion with the Noithuinherland and Durham Coal-field; — T. Spencer, on the Manu- 
facture of Steel in the Noitlicrn District; — 11. J. S. Smith, Report on the Theory of Num- 
bers, Part V. 

Together with the Transactions of the Sections, Sir William Armstrong’s Address, and 
Recoin meiidatious of the Association and its Com niit tees. 


PltOCEEDlNC.S OF THE THIRTY-FOURTH MEETING, at Bath, 

September 1864. Published at 18 j. 

Contents: — Report of the Committee for Observations of Luminous Meteors ; — Report 
of the Committee on the best means of providing for a Uniformity of Weights and Mea- 
sures; — T. S. Cohhold, Report of Experiments respecting the Development and Migration 
^'f the Entozoa ; — B. W. Richardson, Keport on the Physiological Action of Nitrite of Amyl; 
— J. Oldham, Report of the Committee on Tidal Observations ; — G. S. Brady, Report on 
deep-sea Dredging on the Coasts of Northumberland and Durham in 1864 ; — J. Glaisher, 
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Account of Nine Balloon Ascents made in 1863 and 1864; — J. G. Jeffreys, Further Report 
on Shetland. Dredgings ; — Report of the Committee on the Distribution of the Organic 
Remains of the North Staffordshire CoaUfield ; — Report of the Committee on Standaids of 
Electrical Resistance; — G. J. Symons, on the Fall of Rain in the British Isles in 1862 and 
1863 ; — W. Fairbairn, Preliminary Investigation of the Mechanical Properties of the pro- 
posed Atlantic Cable. 

Together with the Transactions of the Sections, Sir Charles Lyell’a Address, and Recom- 
mendations of the Association and its Committees. 

PROCEEDINGS of the THIRTY-FIFTH MEETING, at Birming- 
ham, September 1865, Published at £1 5s. 

Contents: — J. G. Jeffreys, Report on Dredging among the Channel Isles; — F. Buckland, 
Report on the Cultivation of Oysters by Natural and Artificial Methods -Report of the 
Committee for exploring Kent’s Cavern ; — Report of the Committee on Zoological Nomen- 
clature; — Report on the Distriimtiou of the Organic Remains of the North Staffordshire 
Coal-field; — Report on the Marine Fauna and Flora of the South Coast of Devon and Corn- 
wall ; — Interim Report on the Resistance of Water to Floating and Immersed Bodies ; — Re- 
port on Observations of Luminous Meteors ; — Report on Dredging on the Coast of Aberdeen- 
shire; — J. Glaisher, Account of 'riiree hailooii Ascents; — Interim Ueport on the Transmis- 
sion of bound under Water; — G. J. Symons, on the Rainfall of the British Isles; — W. Fair- 
bairn, on the Strength of Materials considered in relation to the Construction of Iron Ships ; 
— Report of the Gun-Cotton Committee; — A. F. Osier, on the Horary and Diurnal Variations 
in the Direction and Motion of the Air at Wrottesley, Liverpool, and Birmingham ; — B. W. 
Richardson, Second Report on the Physiological Action of certain of the Amyl Compounds ; 
— Report on further Researches in the Lingula-flags of South Wales ; — Report of the Lunar 
Committee for Mapping the Surface of the Moon ; — Ueport on Standards of Electrical Re- 
sistance; — Report of the Committee appointed to communicate with the Russian Govern- 
ment respecting Magnetical Observations at Tiflis ; — Appendix to Report on the Distribution 
of the Vertebrate Remains from the North Statfoidshire Coal-field ; — 11. Woodward, First 
Report on the Structure and Classification of the Fossil Crustacea ; — II. J. S. Smith, Report 
on the Theory of Numbers, Part VL ; — Ueport on the best means of providing for a Unifor- 
mity of Weights and Measures, with reference to the interests of Science; — A. G. Findlay, 
on the Bed of the Ocean; — Pro'essor A. W. Williamson, on the Composition of Gases 
evolved by the Bath Spring called King’s Bath. 

Together with the Transactions of the Sections, Professor Phillips's Address, and Recom- 
mendations of the Association and its Committees. 

PEOCEEDINGS of the THIRTY-SIXTH MEETING, at Notting- 
ham, August 186G, Published ai £\ is. 

Contents — Second Report on Kent’s Cavern, Devonshire ; — A. Matthiessen, Preliminary 
Report on the Chemical Nature of Cast Iron ; — Report on Observations of Luminous Meteors; 
— W. S. Mitchell, Report on the Alum Bay Leaf-bed; — Report on the Resistance of Water 
to Floating and Iiiiinersed Bodies; — Dr. Norris, Report on Muscular Irritability; — Dr. 
Richardson, Report on the Physiological Action of certain compounds of Amyl and Ethyl ; — 
H. Woodward, Second Report on the Structure and Classification of the Fossil Crustacea; — 
Second Report on the “ Menevian Group,” and the other Formations at St. David’s, Pem- 
brokeshire; — J. G. Jeffreys, Report on Dredging among the Hebrides; — Rev. A. M. Norman, 
Report on the Coasts of the Hebrides, Part 11.;— J. Alder, Notices of some Invertehrata, in 
connexion with Mr. Jeffreys’s Report ; — G. S. Brady, Report on the Ouiracoda dredged 
amongst the Hebrides; — Report on Dredging in the Moray Firth ; — Report on the Transmis- 
sion of Sound-Signals under Water ; — Report of the Lunar Committee ; — Report of the 
Rainfall Committee; — Report on the best means of providing for a Uniformity of Weights 
and Measures, with reference to the Interests of Science ; — J. Glaisher, Account of Three Bal- 
loon Ascents ; — Report on the Extinct Birds of the Mascarene Islands ; — Report on the pene- 
tration of Iron-clad Ships by Steel Shot; — J. A WankJyn, Report on Isomerism among the 
Alcohols ; — Report on Scientific Evidence in Courts of Law ; — A. L. Adams, Second Report 
on Maltese Fossiliferous Caves, &c. 

Together with the Transactions of the Sections, Mr. Grove's Address, and Recommendations 
of the Association and its Committees. 
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1845. ^Carter, Q. B. Lord-Street, Liverpool. 

1866. § Carter, H. H. The Park, Nottingham. 

1866. iCarter, Richard, O.R. Long Carr, Barnsley, Yorkshire. 

•Cartmell, Rev. James, D.D., F.G.S., Master of Christas College. 
Cambridge. 

Cartmell, Joseph, M.D. Carlisle. 

Cartwright^ Her. H. B. 

1862. JCarulla, Facundo, F. A.S.L. Care of Messrs. Daglish and Co., 8 Har- 

rington-street, Liverpool. 

1866. §Oasella, L. P., F.R.A.S. South Grove, High gate, London, N. 

1842. ’•'Cassels, Rev. Andrew, M.A. Batley Vicarage, near Leeds. 

Castle, Charles. Clifton, Bristol. 

1863. JCator, John B., Commander R.N. 1 Adelaide-street, Hull. 

1866. \CaUerill^ Bev. Henry. 

1869. JCatto, Robert. 44 King-street, Aberdeen. 

1866. §Catton, Alfred R., M.A., F.R.S.E. The University, Edinburgh. 
1849. J Cawley, Charles Edward. The Heath, Kirsall, Manchester. 

1860. § Cayley, Arthur, F.R.S., V.P.R.A.S., Sadlerian Professor of Mathe- 
matics in the University of Cambridge. Cambridge. 

Cayley, Digby. Brompton, near Scarborough. 

Cayley, Edward Stillingfleet. Wydale, Malton, Yorkshire. 

1868. * Chadwick, Charles, M.D. 36 Park-square, Leeds, 

1860. ^ Chadwick, David. 64 Cross-street, Manchester. 

1842. Chadwick, Edwin, C.B. Richmond, Surrey; 

1842. Chadwick, Elias, M.A. Pudleston-court, near Leominster. 

1842. Chadwick, John. Broadfield, Rochdale. 

1869. J Chadwick, Robert. Highbank, Manchester. 

1861. jChadwick, Thomas. Wilmslow Grange, Cheshire. 

’^Challis, Rev. James, M.A., F.R.S., F.R.A.S., Plumian Professor of 
Astronomy in the University of Cambridge. 13 Trumpington- 
street, Cambridge. 

1869. JChalmers, John Inglis. Aldbar, Aberdeen. 

1869. JChalmers, Rev. Dr. P. Dunfermline. 

1865. ^Chamberlain, J. H. Christ Church-buildings, Birmingham. 

1842. Chambers, George. High Green, Sheffield. 

Chambers, John, Ridgefield, Manchester. 

’^Chambers, Robert, F.R.S.E., F.L.S., F.G.B. 17 Hereford- square, 
Mayfair, London, W. 

’•‘Champney, Henry Nelson. St. Paul’s-square, York. 

1866. Chance, A. M. Edgbaston, Birmingham. 

1866. *Chance, James Simmers. Brown’s Green, Hands worth, Birmingham. 
1866. SChance, Robert Lucas. Chad Hill, Edgbaston, Birmingham. 

1861. * Chapman, Edward. Frewen Hall, Oxford. 

1860. iChapman, Prof. E. J. University College ; and 4 Addison-terroce, 

Kensington, London, W. 

1866. :{Chapman, Ernest T. Hope Cottage, Hanwell, London, "W. 

1861. * Chapman, John. Hill End, Mottram, Manchester. 

Ghapmai^ Captain John James, B^A., F.R.G.S. Adelaide-square, 

1866. {Chapman, 'William. The Park, Nottingham. 

1864. {Chappie, Frederick. Canning-street, Liverpool. 

1836. Charlesworth, Edward, F.G.8. Whittington Club, Aruttdel-street, 
London, W.C. 

1863. {Charlton, Edward, M.D. 7 Eldon-square, Newcastle-on-Tyne. 
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1863. XCharUofif F, 

1866. tCharnock, Kichard St^hen, Ph.D., F.S. A., F.E.G.S. 8 Gray^s Intt- 

squai'e, London, W.C. 

Ckatto, W. J. P. Union Club, Trafalgar-sqiiare, London, W.O, 

1867. *Cbatwood, Samuel. 2 Wentworth-place, Bolton. 

1864. jCheadle, W. B., M.A., M.B., F.R.G.S. 6 Hyde Park^place, Cum- 

berland Gate, London, W. 

1842. “^Cheetham, David. Weston Park, Bath. 

1862. JCheshire, Edward. Conservative Club, London, S.W. 

Cheshire.^ John. 

1863. *Chesnoy, Major-General Francis Rawdon, R.A., D.C.L., F.R.8., 

F.R.G.S. Ballyardle, Kilkeel, Co. Down, Ireland. 

*Chevallier, Rev. Temple, B.D., F.R.A.8., Professor of Mathematics 
and Astronomy in the University of Durham, 

* Chichester, Ashhurst Turner Gilbert, D.D., Lord Bishop of. 81 
Queen Anne-street, Cavendish-square, London, W. ; and The 
Palace, Chichester. 

1805. tChild, Gilbert W., M.D. Oxford. 

1842. ^Chiswell, Thomas. 2 Lincoln-grove, Plymouth-grove, Manchester. 
1863. §Cholmoley, Rev. C. H. Magdalen College, Oxford. 

1859. ^Christie, John, M.l). 46 8chool-hill, Aberdeen. 

1861. jChristie, Professor R. C., M.A. 7 8t. Jnmes’s-square, Manchester.^ 
Christison, Robert, M.D., F.R.S.E., Professor ot Dietetics, Materia 
Medica, and Pharmacy in the University of Edinburgn. Edin- 
burgh. 

1860. t Church, William Selby, M.A. 1 Harcourt Buildings, Temple, London, 

E.C. 

1850. j: Churchill, The Right Hon. Lord Alfred. Blenheim, Woodstock. 

1857. j Churchill, F., M.l). 15 Stephen’s Green, Dublin. 

186.3. tClaphani, A. 3 Oxford-street, Newcastle-on-Tyne. 

1863. JClapham, Henry. 5 Summerhill -grove, Newcastlo-on-Tyne. 

1855. §Clapham, Robert Calvert. Winconiblee, Walker, Newcastle-on- 
Tjme. 

1858. :fClapham, Samuel. 17 Park-place, Leeds. 

1857. ^Clarendon, Frederick Villiers. 11 Blessington-street^ Dublin. 

*Clark, Rev. Charles, M.A. Queen’s College, Cambridge. 

Clark, Courtney K. Haugh End, Halifax. 

1859. t Clark, David. " Coupar Angus, Fifeshire. 

*Clarhj Francis. 

Clark, G. T. Bombay ; and Athenaeum Club, London, S.W. 

1846. *Clark, Henry, M.D. 4 Upper Moira-place, Southampton. 

Clark, Sir James, Bart., M.D., M.A., F.R.S., F.R.G.8., Physician in 
Ordinaiy to the Queen. Bagshot Park, SuiTey. 

1861. JClark, Latimer. 1 Victoria-street, Westminster, London, S.W. 

1855. tClark, Rev. William, M.A. Barrhead, near Glasgow. 

Clark, William, M.D., F.R.S., F.G.S. Cambridge. 

1865. J Clarke, Rev. Charles. Charlotte-road, Edgbaston, Birmingham, 

Clarke, George. Mosley-street, Manchester. 

1861. *Clarke, J. H. Newton villa, Newton-le-Willows, near Warrington. 
1842. Clarke, Joseph. Waddington Glebe, Lincoln. 

1851. JClarke, Joshua, F.L.S. Fairycroft, Saftron Walden. 

Clarke, Thomas, M.A. Knedlington Manor, Howden, Yorkshire. 
1861. tClay, Charles, M.D. 101 Piccadilly, Manchester. 

♦Clay, Joseph Travis, F.G.S. Rastrick, Yorkshire. 

1854. jClay, Robert. St. Ann-street, Liverpool. 

1856. XCIayy William. 

1856. *Clay, William. 4 Park-hUl-road, Liverpool. 

1866. iClayden, Rev. P. W. Clarendon-street, Nottingham. 
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1867. ^Clayton, David Shaw. Norhirry, Stoclrport, Cheshire, 

1860. JCleghorn, Hugh^ M.D. Madras Establishment. 

1859. Jcieghom. John. Wick. 

1861. §Cleland, Frofessor John, M.D. Queen^s College, Calwky. 

1857, t Clements, Henry. Dromin, Listowel, Ireland. 

JClerk, Rev. D. M. Deverill, Warminster, Wiltshire. 

Clerke, Rev. C. C., D.D., Archdeacon of Oxford and Canon of Christ 
Church, Oxford. Milton Rectory, Abingdon, Berkshire. 

1860. XClerke, Right Honourahle Sir George^ Bart, 

1862. JClibbom, Edward. Royal Irish Academy, Dublin. 

1865. J Clift, John E., C.E. Redditch, Bromsgrove. 

1861. * Clifton, Professor R. B., M.A. Oxford. 

1849. t Clive, R. H. Hewell, Bromsgrove. 

Clonbrock, Lord Robert. Clonbrock, Galway. 

1854. JClose, The Very Rev. Francis, M.A. Carlisle. 

1866. § Close, Thomas. St. James’s-street, Nottingham. 

Clough, Rev. Alfred B., B.D. Brandeston, Northamptonshire. 

1859. fClouston, Rev. Charles. Sandwick, Orkney. 

1861. *Clouston, Peter. Glasgow. 

1863. §Clutterbuck, Thomas. Warkwortli, Addington. 

1855. *Coats, Peter, Woodside, Paisley. 

1855. *Coats, Thomas. Fergeslie House, Paisley. 

Cobb, Edward. South Bank, Weston, near Bath. 

1861. *Oobbold, John Che vallier, M.P. Tower-street, Ipswich; and Athe- 
noeum Club, London, S.W. 

1864. §Cobbold, T. Spencer, M.D., F.R.S., F.L.S., Lecturer on Comparative 

Anatomy at the Middlesex Hospital. 84 Wimpole-street, 
Cavendish-square, London, W. 

1846. JCocker, John, M.A. Cambridge. 

•^Cocker, Jonathan. Higher Broughton, Manchester. 

1854. f Cock^, William. 88 Burnbank Gardens, Glasgow. 

1861. "^Coe, Rev. Charles C. Leicester. 

1864, ^Cochrane, James Henry. Dunkathel, Glanmire, Co. Cork. 

1865. fCoghill, H. Newcastle-under-Tjyme. 

1853. JColchester, William, F.G.S. Grundesburgh Hall, Ipswich. 

1859. JCole, Edward. 11 Hyde Park-square, London, W. 

1859. *Cole, Hen:^ Warwick. 3 New-square, Lincoln’s Inn, London, W.C. 

1860. fOoleman, J. J., F.C.S. North Wales Coal Oil Co., Leeswood-hill, 

near Mold. 

1854. ’*Colfox, William, B A. Bridport, Dorsetshire. 

1857. fColles, William, M.D. 21 Stephen’s Green, Dublin. 

1861. *Collie, Alexander. 12 Kensington Palace-gardens, London, W. 
1861. XCollingej John. 

1864. JCoUimwood, Cuthbert, M.A., M.B., F.L.S. 14 Gloucester-place, 

Greenwich, London, S.E. 

1861. * Colling wood, J. Frederick, F.G.S. 54 Gloucester-street, Belgrave- 
road, Pimlico, London, S.'W. 

1865. Collins, James Tertius. 36 Cumberland-street, Birmingham. 

1849. JCollins, Joseph. Frederick-street, Edgbaston, Birmingham. 

Collins, Robert, M.R.D.S. Ardsallagh, Navan, Ireland. 

Collis, Stephen Edward. Listowel, Ireland. 

Colthurst, John. Clifton, Bristol. 

1865. *Combe, Thomas, M.A. Oxford. 

*Oompton, Lord Alwyn. Castle Ashby, Northamptonshire. 

1846. * Compton, Lord William. 145 Piccadilly, London, W. 

1852. f Connal, Michael. 16 Lynedock-terrace, Glasgow. 

1853. J Sir T. Bart, 

1868. JConybeare, Henry, F.G.S* 20 Duke-street, Westminster, London. 
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1864. ^Conwell, Eugene Alfred, M.R.I.A. Trim, Irel^and. 

1869. JCook, E. R. Stamford-hill, London, N. 

1861. ^Cook, Henry, 

Cooke, Captain Adolphom, 

* Cooke A, B, 

1863. lOooke, Edward William, F.R.S., F.L.S., F.G.S., A.R. A. The Ferns, 

Hyde Park-gate, South Kensington, London, S.W. 

Cooke, James R., M.A. 73 Blessin^on-street, Dublin. 

1854. JCooke, John. Howe Villa, Richmond, Yorkshire. 

Cooke, J. B. Exchange-buildings, Liverpool. 

Cooke, Rev. T. L., M.A. Magdalen College, Oxford. 

1864. JCooke, Rev. William, M.A. Gazeley Vicarage, near Newmarket. 

Cooke, William Fothergill. Telegraph Office, Lothbury, London,E.C. 
1859. ^Cooke, William Henry, M.A., F.S.A. Elm-court, Temple, London, 
E.C. 


1865. Cooksey, Joseph. West Bromwich, Birmingham. 

1862. ’^Cookson, Rev. H. W., D.D. St. Peter’s College, Cambridge. 

1863, JCookson, N. C. Benwell Tower, Newcaatle-on-Tyne. 

1850. JCooper, Sir Henry, M.D. 7 Charlotte-street, Hull. 

Cooper, James. 65 Pembroke Villas, Bayswater, London, W. 

1846. {Cooper, William White. 19 Berkeley-square, London, W. 

1865. §Cope, James. Pensnett, near Dudley. 

1856, {Copeland, George F., F.G.S., 5 Bay’s-hill Villas, Cheltenham. 

1854. {Copland, James, M.D., F.R.S. 5 Old Burlington-street, London, W. 

Copland, William, F.R.S.E. Dumfries. 

1863. {Coppin, John. North Shields. 

1842. Corbet, Richard. Hadington-hill, Oxford. 

1842. Corbett, Edward. Ravenoak, Cheadle-hulme, Cheshire. 

1855. {Corbett, J oseph Henry, M.D., Professor of Anatomy and Physiology, 

Queen’s College, Cork. 

Cormack, John Rose, M.D., F.R.S.E, 5 Bedford-square, London, 
W.C. 


1860. XCorner,C, Tinsley. 

Cory, Rev. Robert, B.D., F.C.P.S. Stanground, Peterborough. 
Cottam, George. 2 Winsley-street, London, W. 

1867. {Cottam, Samuel. Brazennose-street, Manchester. 

Cotter^ John. 

1864. §Cotton, General Frederick C. Knolton Hall, Ruabon. 

* Cotton, Bev. William Charles, M.A, Nexo Zealand. 

Couper, James. 12 Royal Exchange-square, Glasgow. 

1866, §Courtald, Samuel. Gosfield Hall, Essex. 

’"‘Courtney, Henry, M.R.I.A. 24 Fitz william-place, Dublin. 

Cowan, John. Valleyfield, Pennycuick, Edinburgh. 

1863. {Cowan, John A. Blaydon Burn, Durham. 

1863. {Cowan, JosepK jun. Blaydon, Durham. ^ 

Cowie, Rev. Benjamin Morgan, M.A. 42 Upper Harley-street, 
Cavendish-square, London, W, 

1860. {Cowper, Edward Alfred, M.I.C.E. 6 Great George-street, West- 
minster, London, S.W. 

1867. ’*Cox, Edward. Clement Park, Dundee. 

1867. *Cox, George Addison. Beechwood, Dundee, 

1867. §Cox, James. Clement Park, Dundee. 

1860. {Cox, John. Georme Mills, Edinburgh. 

Cox, Robert. 26 Rutland-street, Edinburgh. 

1867. ♦Cox, Thomas Hunter. Duncarse, Dundee. 

1866. §Cox, William. 60 Newhall-street, Birmingham. 

1867. §Cox, William. Fog^ey, Lochee, by Dundee. 

1847. {Cox, Rev. W. H., 13,D. Eaton Bishop, Herefordshire. 


0 
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1854. §Orace-Oalverfc, Frederick, Ph.D., F.R.S., F.O.S., Honorary Professor 
of Chemistry to the Manchester Royal Institution. Royal In- 
stitute, Manchester. 

Craig, J. T. Gibson, F.R.S.E. Edinburgh. 

1859. JCraig, S. Clayhill, Enfield, Middlesex. 

1857. JCrampton, Rev. Josiah., M.R.I.A. The Rectory, Florence-court, Co. 
Fermanagh, Ireland. 

1868. JCranage, Edward, Ph.D. The Old Hall, Wellington, Shropshire. 

Craven, Robert, 

1852. JCrawford, Alexander, jun. Mount Prospect, Belfast, 

1857. X Crawford, George Arthur, M,A, 

1849. jCrawfurd, John, F.R.S., F.R.G.S. 4 Elvaston-place, Kensington, 
W. and Athenssum Club, Pall Mall, London, S. W. 

1842. ^Crewdson, Thomas D. Dacca Mills, Manchester. 

Creyke, The Venerable Archdeacon. Beeford Rectory, Driffield. 

* Crichton, William. 1 West India-street, Glasgow. 

1864. AT. f: 

1866. f Crocker, Edwin, F.C.S. Seymour Villa, 76Hungerford Road, Hollo- 
way, London, N. 

Croft, Rev, John, M,A,, F,C,P.8, 

1858. J Crofts, John. Hillary-placejLeeds. 

Croker, Charles Phillips, M.D., M.R.I.A. 7 Merrion-square West, 
Dublin. 

1869. JCroll, A. A. 10 Coleman-street, London, E.C. 

1857. JCroUy, Rev. George. Maynooth College, Ireland. 

1856. jOrompton, Charles, M. A. 22 Hyde Park-square, London, W. 
♦Crompton, Rev. Jose^, M.A. Norwich. 

1866. t Cronin, William. 4 Brunel-terrace, Nottingham. 

Crook, J. Taylor. 

Crook, Wilham Henry, LL.D. 

1865. §Crookes, William, f.R.S., F.C.S. 20 Mornington-road, Regent’s 

ParlL London, N.W. 

1856. ♦Cropper, Kev. John. Stand, near Manchester, 

1859. jCrosneld, John. Rothay Bank, Ambleside. 

1861. JCross, Rev. John Edward, M.A. i^pleby Vicarage, near Brigg. 

1867. § Crosskey, Rev. Henry W. The Geological Society of Glasgow, 

Glasgow. 

1853. jCrosskill, William, C.E. Beverley, Yorkshire. 

1866. ♦Crossley, Louis J., F.M.S. Willow Hall, near Halifax, 

1865. § Crotch, George Robert. 8 Pearl-street, Cambridge. 

1854. ifCrowe, John. 3 Mersey Chambers, Liverpool. 

1861. I Crowley, Henry. 255 Cheetham-hill-roaa, Manchester. 

1863. §Crowther, Benjamin. Wakefield. 

1863. JCruddas, George. Elswick Engine Works, Newcastle-on-Tyne, 

1860. JCruickshank, John. City of Glasgow Bank, Aberdeen. 

1859. JCruickshank, Provost. Macduff, Aberdeen. 

1859. JCrum, James. Busby, Glasgow. 

1849. tCubitt, Thomas. Thames Bank, Pimlico, London, S.W. 

1851. JCull, Richard, F.S. A., F.R.G.S. 18 Tavistock-street, Bedford-square, 
London, W.C. 

CuUey, Robert. Bank of Ireland, Dublin. 

1869. t Gumming, Sir A. P. Gordon, Bart. AHyre. 

1847. tCuinming, Rev. J. G,, M.A. 

1861. ♦Cunliffe, Edward Thomas. Handforth, Manchester. 

1861. ♦Cunliffe, Peter Gibson. Handforth, Manchester. 

1860. JCunningham, James. 50 Queen-street, Edinburgh. 

1861. JCunningham, James, F.R.S.E. Queen-street, Emnburgh. 

Cunningham, John, 
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1862. :|:Cimniiigliam, John. Macedon, near Belfast. 

1860. t Cunningham, Bev. William, I).D. 17 Salisbm^-road, Edinburgh. 

1855. §Cunningham, William A. Manchester and Liverpool District Bank, 
Manchester. 

1850. ICunningham, Bev. W. B. Prestonpans, Scotland. 

186G. JCunnington, John. 08 Oakley-sqiiare, ^^dford New Towh, London, 

1807. *Curse^ee, Manockjee, F.R.S.A., Judge of Bombay. Villa-Byculla, 
Bombay. 

1857. f Curtis, Professor Arthur Hill, LL.D. 6 Trinity College, Dublin. 

1866, JCusins, Rev. F. L. 26 Addison-street, Nottingham. 

1834. *Cuthbert, J. R. 40 Chapel-street, Liverpool. 

Cuthbertson, Allan. Glasgow. 

1863. JDaglish, John. Hetton, Durham. 

1854. JDaglish, Robert, C.E. Orrell Cottage, near Wigan. 

1864. JDaglish, Robert, jim. St. Helen’s, Lancashire. 

1863. fDaie, J. B. South Shields. 

1863. JDale, Rev. P. Steele, M.A. Ilollingfare, Warrington. 

1865. jDale, Rev. R. W. 12 Calthorpe-street, Birmingham. 

1867. §Dalgleish, Dr. O. Newport, Dundee. 

1867. §Dalgleish, W. Dundee. 

Dalmahoy, James, F.R.S.E. 9 Forres-street, Edinburgh. 

1850. JDalmahoy, Patrick. 69 Queen- street, Edinburgh. 

1859. JDalrympie, Charles Elphinstone. West Hall, Aberdeenshire. 

1869. JDalrymple, Colonel. Troup, Scotland. 

1867. *Dalrymple, Donald, M.D., F.R.G.S. Thorpe Lodge, Norwich. 
Dalton, Edward, LL.D., F.S.A. Dunkirk House, Nailsworth. 

* Dalton, Rev. James Edward, B.D. Seagrave, Loughborough. 

1869. XDahjj Lieut, ^Colonel H. D, 

1859. *Dalzell, Allen, M.D. The University, Edinburg. 

Dalziel, John, M.D. Holm of Drumlanrig, Thornhill, Dumfries- 
shire. 

1862. JDanby, T. W. Downing College, Cambridge. 

1869. :):Dancer, J. B., F.R.A.S. Old Manor House, Ardwick, Manchester. 

1847. XLansQn, John Toume. 

1849. *Danson, .Joseph, F.C.S. 6 Shaw-street, Liverpool. 

Danson, William. 6 Shaw-street, Liverpool. 

1859. §Darbishire, Charles James. Rivington, near Chorley, Lancashire. 

1861. *Darbishire, Robert Dukintield, B.A., F.G.S. 21 Brown-street, Man- 

chester. 

^Darbishire, Samuel D. Pendyflryn, near Conway. 

1862. Lev. Jonathan L. 

Darwin, Charles R., M.A., F.R.S., F.L.S., F.G.S. Down, near Brom- 
ley, Kent. 

1864. Charles. 

1848. §Da Silva, Johnson. Bumtwood, Wandsworth Common, London, S.W. 
1869. JDaim, Robert, M.D., F.G.S., Deputy Inspector-General of Hospitals. 

The Prioiy, Aberdeen. 

Davey, Richard, M.P., F.G.S. Redruth, Cornwall. 

1859. JDavidson, Charles. Grove House, Auchmull, Aberdeen. 

1869. JDavidson, Patrick. Inchmarlo, near Aberdeen. 

1847. Lev. Samuel, LL.D. 

1863. jDavies, Griffith. 17 Oloudesley-street, Islinjgton, London, N. 

Davies, John Birt, M.D. The Laurels, Edgbaston, Birmingham. 
1842. Davies, Dr. Thomas. Chester. 

1864. § Davis, Charles E., F.S.A. 55 Pulteney-street, Bath. 

Davis, Rev. David, B.A. Lancaster. 
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1856. *Davis, Sir John Francis, Bart., K.C.B., F.R.S., F.R.Q-.S. Athenseuan 
Club, London, S. W. 5 and Hollywood, Compton Greenfield, near 
Bristol. . 

1859. iDavis, J. Bamar^ M.D., F.S.A. Shelton, Staftbrdshire. 

1859. *Davis, Richard, F.L.S. 9 St. Helen ’s-place, London, E.C. 

1863. *l)avison, Joseph. Greencroft, Durham. 

1864. SDavison, Richard. Great Driffield, Yorkshire. 

1867. JDavy, Edmund W., M.D. Kimmage Lodge, Roundtown, near Dublm. 
1864. ♦Dawbam, William. 3 Temple, Dale-street, Liverpool. 

1869. IBaweSj Captain (Adjutant It, A. Highlanders). ^ 

Dawes, John Samuel, F.G.S. Smethwick House, near Birmingham. 

1860. *Dawes, John T., jun. Smethwick House, near Birmingham. 

1864. iDawkins, W. Boyd, B.A., F.G.S. Upminster, Romford, Essex. 
♦Dawson, Christopher H. Low Moor, Bradford, Yorkshire. 

1865. IDawson, George, M.A. Shenstone, Lichfield. 

♦Dawson, Henry. 14 St. James’s-road, Livemool. 

1856. JDawson, J. W., LL.D., F.R.S., Principal of McGill College, Montreal, 
Canada. 

Dawson, John. Royds Hall, Bradford, Yorkshire. 

Baicscmj Thomas. 

1859. *Dawson, William G. Plumstead Common, Kent. 

1866. tl^ay, Edward Charles H. Charmouth, Dorset. 

1861. fDeacon, Henry. Runcorn Gap, Cheshire. 

1859. jDean, David. Banchory, Aberdeen. 

1861. JDean, Henry. Colne, Lancashire. 

1854. §Deane, Henry, F.L.S. Clapham Common, London, S. 

♦Deane, Sir Thomas. Kingstown, Co. Dublin. 

1866. JDebus, H. The College, Clifton. 

1851. JDe Grey, The Hon. F. Oopdock, Ipswich. 

♦De Grey and Ripon, George Frederick, Earl, F.R.S. 1 Carlton- 
gardens, London, S.W. 

1854. *De la Rue, Warren, Ph.D., F.R.S., Pres. C.S., F.R.A.S. Cranford, 
Middlesex ; and 110 Bunhill-row, London, E.C. 

Denchar, John. Morningside, Edinburgh. 

1854. tDenison, The Hon. William. Grinston, Tadcaster. 

Denison, Sir William Thomas, K.C.B., Col. R.E., F.R.S., F.R.G.S., 
East Brent, Weston-super-Mare, Somerset. 

1847. XUmnis^ J. C., F.R.A.S, 

♦Dent, Joseph. Ribston Hall, Wetherby. 

Dent, William Yerbury. Royal Arsenal, Woolwich, S.E. 
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Galbraith, Rev. J. A., M.R.I.A. Trinity College, Dublin. 

1867. §Gale, James M. 33 Miller-street, Glasgow. 

1863. JGale, Samuel, F.C.S^ 338 Oxford-street, London, W. 

1861. jGalloway, Charles John. Kmott Mill Iron Works, Manchester. 

1859, XGalloxvay, James, Calcutta, 

1861. JGalloway, John, jun. Knott Mill Iron Works, Manchester. 

Galloway, S. H. Linbach, Austria. 

1860. ^Galton, Captain Douglas, C.B., R.E., F.R.S., F.G.S., F.R.G.S. 13 

Chester-street, Grosvenor-place, London, S.W. 

1860. ’^Galton, Francis, F.R.S., F.G.S., F.R.G.S. {General Secretary.') 42 
Rutland-gate, Knightsbridge, London, S.W. 

1842. Gardiner, Lot. Bradford, Yorkshire. 

1862. § Gamer, Robert, F.L.S. Stoke-upon-Trent. 

1865. § Garner, Mrs. Robert. Stoke-upon-Trent. 

1842. Garnett, Jeremiah. Wamen-street, Manchester, 

1852. f Garret, James R. Ilolywood, Belfast. 

1854. JGarston, Edgar. Aigburth, Liverpool. 

1847. ^Gaskell, Samuel. 19 Whitehall-place, London, S.W, 

1842. Gaskell, Rev. William, M.A. Plymoiith-grove, Manchester. 

1846. §Gassiot, John Peter, F.R.S., F.C.S. Claphaiii Common, London, S, 

1862. *Gatty, Charles Henry, M. A., F.L.S., F.G.S. Felbridge Park, East 

Grinsted, Sussex. 

1859. JGeddes, William D., Professor of Greek, King’s College, Old Aber-^ 
deen. 

1854. fGee, Robert, M.D. Oxford-street, Liverpool. 

1867. §Geikie, Archibald, F.R.S., F.G.S. Geological Museum, Jernayn- 
street, London, S.W. ; and Ardrossan, Ayrshire. 

1855. IGemmell, Andrew. 38 Queen-street, Glasgow. 

1855. XGemtnell^ Thomas. 

1854. §Gerard, Henry. 13 Rumford-place, Liverpool. 

1856. *Gething, George Barkley. Springfield, Newport, Monmouthshire, 

Gibb, Duncan. Strand-street, Liverpool. 

1863. *Gibb, Sir George Duncan, Bart., M.D., M. A., LL.D., F.G.S. 1 Bryan- 

ston street, London, W. ; and Falkland, Fife. 

GibbinSf Joseph. 

Gibbins, Thomas. 

1865. tGibbins, William, Battery Works, Digbeth, Hrmingham. 

G^son^ Edward. JSuU. 

’"‘Gibson, George Stacey. Saffron Walden. 

1852. Jam^ 

1859. fGibson, William Sidney, M.A., F.S.A.. F.G.S, Tynemouth, 

1867. § Gibson, W. L., M.D. Tay-street, Dundee. 

1849. f Gifford, Rev. E. H. Birmingham. 

1842. Gilbert, Dr. Joseph Henry, F.R.S.,, F.C.S. Harpenden, near St. 
Albans. 

1861. "^Gilbert, James Mon^omery. Bowdoi^, Cheshire. 

1857. ^Gilbert, J. T., M.R.LA. Hackrock, Dublin. 

1859. ^Gilchrist, James, M.D. Crichton Royal Institution, Dumfries. 
Gilderdale, Rev. John, M.A. Walthamstow, Essex. 

Giles, Rev. Williana,. Netkerleigh House, near Chester. 

1864. §Gill, Thomas {Local Treasw^^ 4 Sydney-^plape, Bath*. 

1850. iGiHespie,, Alexander, M.IX ildmhwri^. 

1864. XOmkf -f- 
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1849. X Gilpin, Benjamin* 

1861. *Gilroy, George. Hindley House, Wigan. 

1867. §Gili*oy, Robert. Oraigie, by Dundee. 

1867. §Ginsburgb. Rev. Dr. C. D. Liverpool. ^ « 

1850. ^Gladstone, George, F.C.S. Clapbam Common, London, S. 

1849. ^Gladstone, John Hall, Ph.D., F.R.S., F.C.S. 17 Pembridge-square, 
Hyde Park, London, W. 

1861. ^Gladstone, Murray. Broughton, Manchester. 

1852. 1 Gladstone, Thomas Murray* , t 

1861. *Glaisher, James, F.R.S., F.R.A.S. 1 Dartmouth-place, Blackheath, 

Kent. 

1853. IGleadon, Thomas Ward. Moira-buildings, Hull. 

1859. jGlennie, J. S. Stuart. 6 Stone-buildings, Lincoln’s Inn, London, W.O. 
1867. §Gloag, John A. L. Inverleith-row, Edinburgh. 

Glover, George. Ranelagh-road, Pimlico, London, S.W. 

1852. IGodwin, John. Wood House, Rostrevor, Belfast. 

1846. (Godwin- Austen, Robert A.C., B. A.,F.R.S.,F.G.S. Chilworth Manor, 
Guildford. 

Goldsmid, Sir Francis Henry, Bart., M.P. St. J ohn’s Lodge, Regent s 
Park, London, N.W. 

1842. Gooch, Thomas L. 

1857. (Good, John. 60 City Quay, Dublin. 

1852. (Goodbody, Jonathan. Clare, King’s County, Ireland. 

1842. ^Goodman, John, M.D. The Promenade, Southport. 

1865. (Goodman, J. D. Minories, Birminham. 

Goodwin, Ve^ Rev. Harvey, D.D., F.C.P.S., Dean of Ely. Caius 
College, Cambridge. 

1859. XGord(m,H, G. ^ 

♦Gordon, Rev. James Crawford, M.A. Delamont, Downpatrick, 
Downshire. 

1857. (Gordon, Samuel, M.D. 11 Hume-street, Dublin. 

1866. (Gore, George, F.R.S. 50 Islington-row, Edgbaston, Birmingham. 
♦Gotch, Rev. Frederick William, LL.D. Stokes Croft, Bristol. 

♦Gotch, Thomas Henry. Kettering. 

1849. (Gough, The Hon. Frederick. Perry Hall, Birmingham. 

1857. (Gough, The Hon. G. S. Rathronan House, Clonmel. 

Gould, John, F.R.S., F.L.S., F.R.G.S., F.Z.S. 26 Charlotte -street, 
Bedford-square, London, W.C. 

1854. XGourley, Daniel De la C,, M.D, 

1867. §Gourley, Henry (Engineer). Dundee. 

Gowland,James. London-wall, London, E.C. 

1861. (Grafton, hVederick W, Park-road, WhaUey Range, Manchester. 
1867. *Graham, Cyril, F.R.G. S. 9 Cleveland-row, St. J ames’s, London, S.W. 
1848. XGraham, John B. * 

Graham, Lieutenant David. Mecklewood, Stirlingshire. 

♦Graham, Thomas, M.A., D.C.L., F.R.S. L.&E., F.G.S., V.P.C.S,, 
Master of the Mint. 4 Gordon-square, London, W^.C. 

1852. ♦Grainger, John. Rose Villa, Belfast. 

Grainger, Bichard, Nefoca^le-upon- Tyne* 

1850. XGrainger, Thomas. 

1859. (Grant, Hon. James. Cluny Cottage, Forres. 

1866. §Grant, Robert, M.A.,F.R.A.S., Regius Professor of Astronomy in the 
University of Glasgow, The Observatoiy, Glasgow, 

1854. XGrantham, John, C.E. 

1864. (Grantham, Richard F. 7 Great Scotland-yard, London, S.W. 

1864. (Grantham, R. B. 7 Great Scotland-yard, London. 

Granville, Augustus Bozzi, M.D., F.R.S., F.G.S., M.R.I.A. 6 Oorn-^ 
wall-terrace, Warwick-square, Pimlico, London, S.W» 
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1854. jGravatt, William, F.R.S. 16 Park-street, London, S.W. 

^Graves, Rev. Richard Hastings, D.D. Brigown Glebe, Michelstown, 

Co. Cork. 

1864. *Gray, Rev. Charles. Trinity College, Cambridge. 

1865. JGray, Charles. Swan-bank, Bilston. 

1857. JGray, Sir Joh^ M.D. Rathgar, Dublin. 

*Gray, John. Greenock. 

*Gray, John Edward, Ph.D^ F.R.S., Keeper of the Zoolo^cal Col- 
lections of the British Museum. British Museum, London, W.C. 
1864. tGray, Jonathan. Summerhill-house, Bath. 

1869. JGray, Rev. J. H. Bolsover Castle, Derbyshire. 

*Gray, William, F.G.S. {Local Treasurer,) Minster Yard, York. 

1861. *Gray, William, M.P. Darcey Lever Hall, Bolton. 

1864. *Grazebrook, Henry, jun. Clent Grove, near Stour bidge, Worcester- 
shire. 

1866. § Greaves, Charles A. 13 Wardwick, Derby. 

Green, Rev. Henry, M.A. Heathfield, Knutsford, Cheshire. 
^Greenaway, Edward. 16 Lansdowne-crescent, London, W. 

1868. *Greenhalgh, Thomas. Astley House, Sharpies, near Bolton-le-Moors. 
1863. t Green well, G. E. Poynton, Cheshire. 

1862. §Greenwood, Henry. Huyton Park, Huxton, near Liverpool. 

1849. f Greenwood, William. Stones, Todmorden. 

1861. *Greg, Robert Philips, F.G.S. {Local Treasurer.') Outwood I^odge, 
near Manchester. 

Gregg, T. H. 22 Ironmonger-lane, Cheapside, London, E.C. 

1860. {Gregor, Rev. Walter, M.A. Pitsligo, Rosehearty, Aberdeenshire. 

1861. §Gregson, Samuel Leigh. Aigburth, near Liverpool. 

Gresham, Thomas M. Raheny, Dublin. 

^Greswell, Rev. Richard, B.D., F.R.S., F.R.G.S. St. Giles’s-street, 
Oxford. 

Greville, R. K., LL.D., F.R.S.E. Edinburgh. 

Grey, Captain The Hon. Frederick William. Ho wick, Northumberland. 
1866. §Grey, Rev. W. II. C. Nottingham. 

1863. {Grey, W. S. Norton, Stockton-on-Tees. 

1869. {Grierson, Thomas Boyle, M.D. Thornhill, Dumfriesshire. 

1855. XOriffin, Charles. 

^Griffin, John Joseph, F.C.S. Garrick-street, London, W.C. 

Griffin, S. F. 

Griffith, Rev. C. T., D.D. Elm, near Frome, Somerset. 

1859. ^Griffith, George, M.A., F.C.S. {Assistant General Secretary?) 1 
Woodside, Harrow. 

Griffith, George R. Fitzwilliam-place, Dublin. 

♦Griffith, Sir Richard, Bart., LL.D., F.R.S.E., M.R.I.A., F.G.S. 2 
Fitzwilliam-place, Dublin. 

1847. {Griffith, Thomas. Bradford-street, Birmingham. 

Griffith f Walter JET., M.A. 

Griffiths, Rev. John, M.A. 63 St. Giles’s, Oxford. 

1842. Grimshaw, Samuel, M.A. Errwod, Buxton. 

1864. XGroom-Napier, Charles Ottley, SouthweU Cottage^ Kingsdown, 

Bristol. 

Grove, William Robert, Q.C., M.A., Ph.D., F.R.S. 46 Upper 
Harley-street, W ; and 6 Crown Office-row, Temple, London, KO. 
1849. {6rrowr, Bee. H. M, 

1863. ^Groves, Thomas B. 80 St. Mary’s-street, Weymouth, Dorset. 

1857. {Grubb, Thomas, F.R.S., M.R.LA. Bonk of Ireland, Dublin. 

Guest, Edwin, LL.D., M.A., F.R.S., F.L.S., F.R.A.S., Master of 
Caius Collie, Cambridge. Caius Lodge, Cambridge ; and Sand- 
ford-park, Oxfordshire. 
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1867. John. Bnyfield, West Perry^ 33undee. 

Guinnese^ Henry. 17 College Green, Dublin. 

1842. Guinness, Richard Seymour. 17 College Green, Dublin. 

1866. '^Guise, Sir William Vernon, Bart., F.G.S., F.L.8. Elmore-court, near 
Gloucester. 

1862. JGunn, Rev. John, M.A. Irstedd Rectory, Norwich. 

1866. §Gunther, Albert C. L. G., M.D., F.R.S. British Museum, London, 
W.O. 

1860. *Gumey, Samuel, M.P., F.R.G.S. 20 Hanover-square, London, W. 

*Gutch, John James. 88 Micklegate, York. 

1859. X Guthrie, Frederick, 

1864. §Guyon, George. South Cliff Cottage, Ventnor, Isle of Wight. 

1857. JGwynne, Rev. John. St. Columba^s College, Dublin. 

Hackett, Michael. Brooklawn, Chapelizod, Dublin. 

1865. § Hackney, William. 3 Great George-street,W estminster, London, S. W. 

Haclrwoith, Timothy. Darlington. 

1865. §Haden, W. H. Cawney Bank Cottage, Dudley. 

1866. *Haddon, Frederick. The Park, Nottingham. 

1862. ^iHaddon, Frederick William, Assistant-Secretary to the Statistical 

Sociely of London. 12 St. James’s-square, London, S.W. 

1866. JHaddon, Henry. Lenton Field, Nottingham. 

Haden, G. N. Trowbridge, Wiltshire. 

1842. Hadfield, George. Victoria-park, Manchester. 

1848. JHadland, William Jenkins. Banburv, Oxfordshire. 

’^Hailstone, Edward, F.S.A. Horton Hall, Bradford, Yorkshire. 
Halifax, The Right Hon. Viscount. 10 Belgrave -square, London, 
S.W. ; and Hickleston Hall, Doncaster. 

1845. JHall, Elias. Castleton, Derbyshire. 

1854. *Hall, Hugh Fergus. 17 Dale-street, Liverpool. 

1859. JHall, John Frederic. Ellerker House, Richmond, Surrey. 

Hall, John R. Sutton, Surrey. 

1863. JHall, Thomas Y. Eldon-square, Newcastle-on-Tyne. 

*Hall, T. B. Coggeshall, Essex. 

1866. *Hall, Townshend M., F.G.S. Pilton, Barnstaple. 

1860. §Halh Walter. 10 Pier-road, Erith. 

Halliday, Alexander Henry, M.A., F.L.S., M.R.I.A. Carnmoney, 
Antrim, Ireland. 

1861. JHalliday, James. Whalley Court, Whalley Range, Manchester. 

1867. Jllalpin, George, C.E. Rathgar, near Dublin. 

Halsall, Edward. 4 Somerset-street, Kingsdown, Bristol. 

Hahwell, Edmund S., M,A. 

1858. *Hambly, Charles Hambly Burbridge, F.G.S. 96 London-road, Lei- 

cester. 

1866. § Hamilton, Archibald. Southborough, Bromley, Kent. 

1857. JHamilton, Charles W. 40 Doniinick-street, Dublin. 

1865. §Hamilton, Gilbert. Leicester House, Leamington. 

Hamilton, The Very Rev. Henry Parr, Dean of Salisburv, M.A., 
F.R.S. L. & E., F.G.S., F.R.A.8. Salisbury. 

1840. *Hamilton, Mathie, M.D. 22 Warwick-street, Glasgow. 

1864. JHamilton, Rev. S. R., M.A. Hinton Lodge, Bournemouth. 

1861* JHammond, C. C. Lower Brook-street, Ipswich. 

1863. JHancock, Albany, F.L.S. 4 St. Mary’s-teiTace, Newcastle-upon- 
Tyne. 

1852. X Hancock, Charles Brownlow. 

1863. JHancock, John. 4 St. Mary’s-terrace, Newcastle-on-Tyne. 

1860. JHancock, John. Manor House, Lurgan, Co. Armagh. 

1861. JHancock, Walker. 10 Upper ChadweU-street, Pentonville, London. 
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1857. fHancock^ William J. 74 Lower Gardiner-street, Dublin. 

1847. iUancock, W. Nelson^ LL.D. 74 Lower Gardiner-street, Dubiiik. 

1865. ^Hands^ M. Coventry. 

Handyside, P. D., M.D.^ F.R.S.E. 11 Hope-street, Edinburgb. 

1867. §Hannah, Rev. Jobn, D.C.L. Trinity College, Glenalmond. 

1859. f Hannay, John. Montcoffer House, Aberdeen. 

1853. jHansell, Thomas T. 2 Charlotte-street, Sculcoates, Hull. 

*Harcourt, A. Vernon, M.A., F.C.S. Christ Church, Oxford. 

Harcourt, Rev. C. G. Vernon, M.A. Rothbury, Northumberland. 
Harcourt, Egerton V. Vernon, M.A., F.G.S. Whitwell Hall, York- 
shire. 

♦Hai*court,Rev. William V.Vernon,M.A.,F.R.S.,F.G.S., Hon. M.R.I.A. 
Nuneham Park, Oxford. 

1849. JHarding, Charles. Tamworth. 

1865. JHarding, Charles. Harbome Heath, Birmingham. 

1864. §IIardwicke, Robert, F.L.S. 192 Piccadilly, London, W. 

1858. *Hardy, Charles. Odsall House, Bradford, Yorkshire. 

*Hare," Charles John, M.D., Professor of Clinical Medicine in Uni- 
versity College, London. 41 Brook-street, Grosvenor-square, 
London, S.W. 

Hare, Samuel. 9 Langham-place, London, W. 

Harford, Summers. Reform Club, London, S.W. 

1858. jHargrave, James. Burley, near Leeds. 

1853. Illarkness, Robert, F.R.S. L. & E., F.G.S. , Professor of Geology in 
Queen’s College, Cork. 

Harkworth, Timothy. Soho Shilden, Darlington. 

1862. Harley, George, M.D., F.C.S. , Professor of Practical Physiology and 
Histology in University College, London, W.C. 

*Harley, John. Ross Hall, near Shrewsbuiy. 

1862. “^Harley, Rev. Robert, F.R.S., F.R.A.S., Professor of Mathematics 

and Logic in Airedale College, Bradford. The Manse, Bnghouse, 
Yorkshire. 

1861. JHarman, H. W., C.E. 16 Booth-street, Manchester. 

^Harris, Alfred. Ryshwall Hall, near Bingley, Yorkshire. 

^Harris, Alfred, jun. Bradford, Yorkshire. 

1863. jHarris, Charles. 6 Somerset-terrace, Newcastle-on-Tyne. 

Harris, The Hon. and Rev. Charles, F.G.S. Bremhill, Chippenham, 
Wiltshire. 

1842. * Harris y George William. 

^Harris, Henry. Heaton Hall, near Bradford. 

1845. tHanis, Henry H. Cambridge. 

186.3. jHarris, T. W. Grange, Middlesboiough-on-Tees. 

1862. William Harry, F.C.S. 33 Gold-street, Noi-thampton. 

1860. jHairison, Rev. Francis, M.A. Onel College, Oxford. 

1864. §Harri8on, George. Barnsley, Yorkshire. 

1858. ^Harrison, James Park, M.A. Garlands, Ewhurst, Surrey. 

1853. JHarrison, Robert. 36 George-street, Hull. 

1863. jHarrison, T. E. Engineers’ Office, Central Station, Newcastle-on- 

Tyne. 

1853. ^Harrison, William, F.S. A., F.G.S. Galligreaves Hall, near Black- 
bum, T^ancashire. 

1849. JHarrowbj^, The Earl of, K.G.,D.C.L.,F.R.S.,F.R.G.S. 39 Grosvenor- 
square, London, S.W. j and Sandon Hall, Lichfield. 

1859. *Hart, Charles. 54 Wych-street, Sti’and, London, W.C. 

1861. *Harter, J. Collier. Chapel Walks, Manchester. 

1842. ^Harter, William. Hope Hall, Manchester. 

1856. |Plartland, F. Dixon, F.S.A., F.B.G.S. The Oaklands, near Chel- 
tenham. 
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Hartley, James. Sunderland. 

Hartley, J. B. Bootle, near Liveiyool. 

1864. §Hartnup, John,F.E..A.S. Liveiyoof Observatoi'y,Bidston, Birkenhead. 

1850. JHarvey, Alexander. 4 South Wellington-place, Glasgow. 

*Harvey, Joseph Charles. Cork. 

Harvey, J. R., M.D. St. Patrick’s-place, Cork. 

1862. ^Harwood, John, jun. Mayfield, Bolton-le -moors. 

1865. j;Hassall, Arthur Hill. 8 Bennett-street, St. James’s, London, S.W. 

Hastings, Rev. H. S. Hartley Rectory, Worcester. 

1842. ’^Hatton, James. Richmond House, Higher Broughton, Manchester. 

1863. JHatton, James W. Old Lodge, Old Traiford, Manchester. 

Haughton, James, M.R.D.S. 34 Eccles- street, Dublin. 

1857. JHaughton, Rev. Samuel, M.D., M.A., F.R.S., M.R.I.A., F.G.S., Pro- 
fessor of Geology in the University of Dublin. Trinity College, 
Dublin. 

1857. JHaughton, S. Wilfred. Grand Canal-street, Dublin. 

*Haughton, William. 28 Ci*ty Quay, Dublin. 

1856. XHavdle, Henry. 

1847. JHawkins, Rev. Edward, D.D., Provost of Oriel College, Oxford. 

Hawkins, John Heywood, M.A., F.R.S., F.G.S. Bignor Park, Pet- 
worth, Sussex. 

Hatvhins, John Isaac,, C.JE. 

* Hawkins y Thomas j F.G.S. 

1861. XHawkinSy W. W. 

*Hawkshaw, John, F.R.S., F.G.S. 43 Eaton-placc, London, S.W. 

1864. *Hawkshaw, John Clarke, M.A., F.G.S. 43 Eaton-place, London, 

S.W. 

1863. JHaworth, Beniamin, J.P. Hull Bank House, near Hull. 

1863. jHawthom, William. The Cottage, Benwell, Newcastle-upon- 
Tyne. 

1859. JHay, Sir Andrew Leith, Bart. Rannes, Aberdeenshire. 

1861. *Hay, Sir John D. United Service Club, London, S.W. 

3868. (Hay, Samuel. Albion-place, Leeds. 

1807. §Hay, William. 21 Magdalen Yard-road, Dundee. 

1857. JHayden, Thomas, M.D. 30 Harcourt-street, Dublin. 

1856. {Hayward, J. Curtis. Quedgeley, near Gloucester. 

1858. *Hayward, Robert Baldwin, M. A. Harrow-on -the-hill. 

1851. {Head, Jeremiah. Woodbridge-road, Ipswich. 

1861. *Heald, James. Parr’s Wood, Didsbury, near Manchester. 

1863. {Heald, Joseph. 22 Leazes- terrace, Newcastle-on-Tyne. 

1854. {Healey, Elkanah. Gateacre, Liverpool. 

1861. *Heape, Beniamin. Northwood, near Manchester. 

1865. {Hoarder, William. Torquay. 

1866. : Heath, Rev. D. J. Esher, Surrey. 

1854. {jHca^A, JBdward. 

1863. {Heath, G. Y., M.D. Westgate-street, Newcastle-on-Tyne. 

Heath, John. 11 Albemarle-street, London, W. 

1861. §Heathfield, W. E., F.C.S., F.R.G.S. 20 King-street, St. James’s, 
London, S.W. 

1865. JHeaton, Harry. Warstone, Birmingham. 

1858. *Heaton, John Deakin, M.D. Claremont, Leeds. 

1865. {Heaton, Ralph. Harborne Lodge, near Birmingham. 

1863. {Heckels, Richard. Pensher, near Fencehouses, Durham. 

1855. {Hector, James, M.D., F.R.S.E., F.G.S., F.R.G.S., Geological Survey 

of Otago. New Zealand. 

1867. §Heddle, M. Foster, M.D. St. Andrew’s, N. B. 

1863. {Hedley, Thomas. Cox Lodge, near Newcastle-on-Tyne. 

*Heelis, Thomas. Princes-steeet, Manchester. 
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1854. jHeldenmai^, B., Ph.D. Worksop, Notts. 

1862. jHelm, George F. 68 Trumpington-street, Cambridge. 

1857. ^Hemans, George William, C.E., M.KJ.A.. 32 Leinster-gardens, 
Hyde Park, London, W. 

1867. § Henderson, Alexander. Dundee. 

1845. ^Henderson, Andrew. 120 Gloucester-place, Portman-sq[uare, London. 
1866, §Henderson, James, jun. Dundee. 

1856. JHennessy, Henry G., F.R.S., M.R.I.A. Wynnefield, Ratbgar, Co. 

Dublin. 

1857. JHennes^, John Pope. Inner Temple, London, E.C. 

Henry, Franklin. Fortland-street, Manchester. 

Henry, J. Snowdon. East Dene, lk)nchurch, Isle of Wight. 

Henry, Mitchell. Stratheden House, Hyde Park, London, W. 
’"‘Henry, William Charles, M.D,, F.R.S., F.R.G.S. Haffield, near Led- 
bury, Herefordshire. 

Henwood, William Jory, F.R.S. , F .G.S. 3 Clarence-place, Penzance. 
1856. ’^Hepburn, J. Gotch. Clapham Commom Sinrey, S. 

1855. ^Hepburn, Robert. 70 Portland-place, London, W. 

Hepburn, Thomas. Clapham, London, S. 

Hepworth, John Mason. Ackworth, Yorkshire. 

1866. IHepworth, Rev. Robert. 2 St. James’s-square, Cheltenham. 

1864. §Heranath, William Bird, M.D., F.R.S. L. & E. Old Market-street, 
Bristol. 


^Herbert, Thomas. Nottingham. 

JHerdman, John. 9 Wellington-place, Belfast. 

§Herrick, Perry. Bean Manor Park, Loughborough. x 

Herschel, Sir John Frederick William, Bart., K..H., M.A.,D.C.L.| 
F.R.S. L. & E., lion. M.R.I.A., F.G.S., F.R.A.S. Collingwood, 
near Ilawkhurst, Kent. 

jHertz, James. Sedgley-park, Prestwich, near Manchester. 
jHervey, The Rev. Lord Arthur. Ickwoi’th, Suffolk. 
iHeslop, Dr. Birmingham. 

JHeslop, Joseph. Pilgrim-street, New'castle-on-Tyne. 
iHewitson, William C. Oatlands, Suirey. 

Hey, Rev. William, M.A., F.C.P.S. Clifton, York. 

■^Heymann, Albert. West Bridgford, Nottinghamshire. 
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THE DEAN OF WESTMINSTER. 

mSTOEIOAL MEMORIALS OF WESTMINSTER 

ABBEY. 

Bv ARTHUR PENRYN STANLEY, D.D., 

Dean of Westminster. 

Second Edltionf raised. With Illustrations. 8vo. 165. 


LADY BROWN LOW. 


EEMINISOENOES OF A SEPTUAGENARIAN. 

FROM 1802 TO 1815. 

Bt EMMA SOPHIA, COUNTESS BROWNLOW. 

Third Eldition, Post 8yo. Is. 6f?. 


THE ARCHBISHOP OF YORK. 


THE MSHOPMO OF NATAL. 

A SPEECH BILIVEHED TO THE OOKTOCATION OF THE PBOVIHCE 
OF YORK, IK FEBRUARY, 1868. 

WITH CORRESPONDENCE ON THE SUBJECT WITH THE BISHOP Of OAPBtOWK. 

Bt william, LORD ARCHBISHOP OF YORK. 

8vo. 
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Jtft. WimkATS LIST FOR RASTER, 


THE ttUKE OF WELLINQTON. 

A NEW SEMES OF DESPATCHES. 

THE CIVIL AHD POLITICAL COEEESPONDENCE FEOI^ 

1819 TO 1825. 

Edited bt THE PKESENT DUKE. 

Vols. I. and IL 8vo. 20«. each. 


LORO DERBY. 


THE TT.TAD OF HOMES, 

RENDEKED INTO ENGLISH BLANK VERSE. 

By EDWARD, EARL OF DERBY. 

Sixth amt Cheaper EdUim. To which are added Translations from Latin, German, 

Italian, &c. 

2 Vols. Feap, 8vo. 10s. 


DEAN MILMAN. 

QDINn HOEATH FLAOOI OPERA. 

Cura H. H. MILMAN, D.D. 

A beantifuUy printed Pocket Edition, with 100 Woodcuts. Small 8vo. 7s. 6(f. cloth ; 

or 9s, neatly bound. 


MR. SMILES. 


LIFE OF THOMAS TELFORD. 

WITH A HISTORY OF ROADS AND TRAVELLING IN ENGLAND. 

By SAMUEL SMILES 

New EdiUon^ Woodcuts. Post 8vo. 6s. 




Jffi. MUBBAY’S IIST BOB MASTEB. 


PROFESSOR VON 8YBEL. 

HISTORY OF 

ETJEOPE DTJEING THE FEENOH REYOLUTIOir, 

FROM THE SECRET ARCHIVES OF GERMANY. 

By prof, von SYBEL, 

University of Bonn. 

Translated from the Geiman, with the Author’s aid, 

By WALTER C. PERRY. 

Vols. I. aiul 11. 8to. Us. 


MR. DELEPIERRE. 


mSTORIOAL DHTIOULTIES AND CONTESTED 

EVENTS: 

BEING NOTES ON SOME DOUBTFUL POINTS OF HISTORY. 

By octave DELEPIERRE, LL.D., 

Secretary of the Belgian Legation. 

Post 8vo. Qs, 


REV. DR. BARRY. 


MEMOm OF SIR CHARLES BARRY, R.A. 

By ALFRED BARRY, D.D., 

Principal of Cheltenham College. 

With Portrait, Views, Plans, &c. Medium 8vo. 21». 


MR. SMILES. 


THE HUGUENOTS IN ENGLAND AND HffiLAND | 

THEIR SETTLEMENTS, CHURCHES, AND INDUSTRIES. 

By SAMUEL SMILES. 

Second Edition. 8vo. 16*. 
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MR MURRATS LIST FOR EASTER. 


DR. HENRY WHITE. 

THE MASSAOEE OF ST.' BARTHOLOMEW. 

PRECEDED BY A HISTORY OF THE RELIGIOUS WARS OF THE REIGN OP 

CHARLES IX. 

Based on a Personal Examination of the Metropolitan and Provincial Archives of France. 
By henry white, M.A., rH.D. 

With Illustrations. 8vo, 16s. 


PROFESSOR RAWLINSON. 

THE FIVE AHOIEHT MONARCHIES OF THE 

EAST; 

OR THE HISTORY OF CHALD^EA, ASSYRIA, BABYLON, MEDIA, 
AND PERSIA. 

By GEORGE RAWLINSON, M.A., 

Camden Professor of Ancient History at Oxford. 

With Map and Illustrations. 4 vols. 8vo. 16^. each. 


MR. BISSET. 

HISTORY OF THE COMMONWEALTH OF 
ENGLAND. 

FROM THE DEATH OF CHARLES I. TO THE EXPULSION OF THE LONG 
PARLIAMENT BY CROMWELL, 

BEING OMITTED CHAPTERS OP THE HISTORY OP ENGLAND. 

By ANDREW BISSET. 

From MSS. in the State Paper Office, Ac. 

2 Vols. 8ro. 30*. ' 


MS. ^ftWRJrS UBT FOB §* 

IMR. JENNtNOe. 

EEPUBUOM GOVEiaSlMENT 

IN THE UNITED STATES DURING THE LAST EIGHTY YEARS. 

Bt LOUIS J. JENNINGS. 

Second Edition. Post 8ro. 10s. Od. 

KING WILLIAM INT” 

THE OOEBESPONDENOE of the late EAEL GEEY, 

FROM THE BEGINNING OF HIS ADMINISTRATION TO 1832, WITH 
HM. RING WILLIAM IVth. 

EDITED BY HENRY, EARL GREY. 

2 Vols 8\o. 30s. 


MR. FORSTER. 

SIR JOHN ELIOT. — Biogn^hy. 

1590-1682. 

Bt JOHN FORSTER, LLD., 

Antlior of ** Arrest of the Fire Memhers,” “ The Grand Bemonstraaoe, IWl, * Ac 
With Portraits. 2 Tola. 8vo, 80s, 

M. QUI20T. 

w miTATIO Na ON THE ESmm AND TEE 
PRESENT STATE OF (milSnANITi; 


Bi iL eomz 

8 Yob. PMtfira. 21 a 
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MB. MVBRATH list FOB EASTEB. 


DR. CHAPLIN CHILD. 

BENEDIOITE; 

OR, SONG OF THE THREE CHILDREN. 

Being Illuatrations of tke Power, Wisdom, and Goodness of the Creator, as manifested 

in his Works. 

By G. CHAPLIN CHILD, M.D. 

2 Vols. Fcap. 8vo. 12$, 


MR. LAYARD. 

NINEYEH AND BABYLON: 

A POPULAR NARRATIVE OF A FIRST AND SECOND EXPEDITION TO 
ASSYRIA, DURING THE YEARS 1845-1861. 

By a. H. LAY.ARD, M.P., D.C.L. 

New and Bevited EdUion. With Illustrations. 2 Vols, Post 8vo. 15s. 


REV- W. ELLIS. 

MADAGASCAR REVISITER 

SETTING FORTH THE PERSECUTIONS AND HEROIC SUFFERINGS OF 
THE NATIVE CHRISTIANS, AND THE EVENTUAL TOLERATION 
OF CHRISTIANITY. 

By EEV. W. ELLIS. 

With Illustrations. 8vo. 16s. 


PROFESSOR VAMBERY. 


TRAVELS IN CENTRAL ASIA 

ACROSS THE TURKOMAN D^ERT TO KHIVA, BOKHARA, AND 
8AMARCAND, IN THE DISGUISE OF A DERVISH. 

By ARMINIUS VAMBfiRY. 

With Map and IQiU^ralioiis. Svo. 21s. 


MB. MURBJT8 LIST FOB EA8TEB. 


n 


MR. GRUNER. 

THE TERBA-OOTTA AROHITEOTHRE OF 
NORTH ITALY. 

POUBTRATED AS EXAMPLES FOR IMITATION. 

From careful Drawings and Restorations. With Descriptive Text. 

Edited by LEWIS GRUNER, 

Author of the “ Fresco Decorations of Italy/' <fcc. 

Witli Chioino-Lithographic Illustrations, printed in Colours, and Woodcut Sections, 

Mouldings, &c. 

Small Folio. £5 5s. 


OLD LONDON. 

PAPERS READ AT THE ARCHAEOLOGICAL INSTITUTE, JULY, 1866. 


8vo. 125. 
LIST OP AUTHORS 


A. J. BERESFORD-HOPE, M.P. 
DEAN STANLEY. 

GEORGE T. CLARK. 

GEORGE GILBERT SCOTT, R.A. 


GEORGE SCHARP, F.SX 


RICHARD WESTMACOTT, R.A. 
EDWARD FOSS, F.S.A 
JOSEPH BURTT. 

REV. J. R. GREEN, M.A. 


MRS. JAMESON. 

MEMOIRS OF THE EARLY ITALIAN PAINTERS, 

AND PROGRESS OF PAINTING IN ITALY. 

By MRS. JAMESON. 

New Edition. With 50 new Portraits. Crown 8vo. 12s. 


KING GEORGE I1|RD 

THE OORRESPONDEMe' OF LORD NORTH, 

FROM THE YEAR 1768 TO 1783, WITH H.M. KING GEORGE HI. 
Edited, with an Introduction and Notes, 

By W. BODHAM DONNE.* 

2 Vols. 8vo. 82s. 


ME. MUEEAY^S LIST FOE MASTEE. 


n 


SIR E. SUtLlVAN. 

THE WIMIOIS AND STATESMEN OF INDIA. 

AN HISTORICAL NARRATIVE OF THE MOST IMPORTANT EVENTS, 
From the Invasion of Mahmoud of Ghizni to that of Nadir Shah. 

By SIR EDWARD SULLIVAN, Bait, 

Author of ** Letters on India,** Ac. 

8vo. 12^. 


REV. DR. ROBINSON. 

BIBLICAL RESEARCHES IN PALESTINE AND 
ADJACENT REGIONS. 

Bt Rev. EDWARD ROBINSON, D.D. 

Third EAUwn. Widi Haps and Flans. 3 Vols. Svo. 425. 


MR. SHIRLEY. 


SOME AGGOMT OF DEEB AES SEER FARRS ; 

AND THE AIANA^EMENT OF USER. 

By EVELYN PHILIP SHIRLEY, M.A., F.S.A. 

WitR IlluBtrations. Fcap. 4to. 21a. 


MR. FORSYTH. 

LIFE OF CICERO. 

HIS CHARACTER AS A STATESMAN, ORATOR, AND FRIEND. 

With aHekodon from hia Comapondance. 

By WILLIAM FORSYTH, Q.C. 

JYewEdiHm. WItli Hlustvatiims. 8vo. 16i. 




MxiBRATa imr fom emthM; 0 

LORO LVTTON. 

THE LOST TALES OF MILETUS. 

Second Edition, Post Sro. Is, 60?. 


REV. B. Q. JOHNS. 

BLIND PEOPLE: 

SOME ACCOUNT OP THEIR WORKS AND WAYS, WITH SKETCHES OF 
THE LIVES OF SOME FAMOUS BLIND MEN. 

Bt rev. B. G. JOHNS, M.A., 

Chaplain of the Blind School, St. Geoif^'s Fioldii. 

With Illustrations. Post 8vo. Is, 6rf. 


PROFESSOR FLEMING. 

THE STUDENT'S MANUAL OF MOEAL 
PHILOSOPHT. 

WITH QUOTATIONS AND REFERENCES FOR THE USE OP STUDENTS. 
Bt william FLEMING, D.D., 

Late Professor of Moral Philosophy in the University of Glasgow 
Post 8vo. Is. 6d. 


SIR E. GUST. 

THE WAMEOES OF THE 17th OENTUEY. 

THE THIRTY YEARS’ WAR.— CIVIL WARS OF FRANCE AND ENGLAND. 
By GEN. the HON. SIR EDWARD OUST, D.C.L., 

Author of ** Annals of the Wars of Iho 18th and 19th Centuries ** 


4 Vols. Post 8vo, 6s. each. 
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MB. MUBBAT’8 LIST BOB EA8TBB. 


MR. BERTRAM. 

NATTOAL HISTOET OF BEITISH FOOD HSHES. 

With Sketches of Fisheries and Fisherfolk. 

By JAMES G. BERTRAM. 

With Illustrations. 8vo. 


BISHOP BLOMFIELD. 

A MEMOIR OF CHAS. JAS. BLOMFIELD, D.D., 

LATE LORD BISHOP OP LONDON. 

With Selections from his Correspondence. 

By ALFRED BLOMFIELD, M.A., 

Fellow of All Souls College, Oxford, and Incumbent of St Pbilip’s, Stepney. 

Second Edition* With Portrait. Post 8vo. 12s. 


LORO DE ROS. 

MEMORIALS OF THE TOWER OF LONDON. 

By LIEUT.-GEN. LORD DE BOS, 

Lieut. -Governor of the Tower. 

Second Edition^ with Additimis, With Illustrations. Crown 8vo. 12ir. 


GENERAL INDEX to the QUARTERLY REVIEW. 

VOLS. 101 TO 120. 

8to. 12«. 



ALiBMAKia STBixr, ' 

Aprili 1868. 


ME. MURRAY’S 

LIST OF 

WORKS IN PREPARATION. 


Meditations on Chistianity 

IN ITS RELATION TO THE STATE OF SOCIETY AND OF THE 

PROGRESS OP The human mind. 

BEING THE THIRD AND CONCLUDING SERIES oi MEDITATIONS, 

BY M. GUIZOT. 

Post 8vo. 


Shipbuilding in Iron and Steel, 

BY E. J. REED, 

Chief Constnictor of the Navy, and Vice-President of the Institution of Naval Architects. 

With 250 Practical Illustrations. 8vo. 

This uork, which is of an essentially practical character, gives full detailed descrip- 
tions of the manner in which the keels, stera^ stern-posts, frames, beams, plating, bulk- 
heads, topsides, and other parts of iron ships are formed, fitted, and fastened ; with 
descriptions of the various methods of laying off and building pursued in the principal 
private establi««hinents upon the Thames, the Tyne, the Mersey, and the Clyde, and aiao 
in H. M. Dockyards. The volume also embraces the employment of steel in ship- 
building ; detailed investigations of the strength of riveted butts, founded on the latest 
examples of actual practice ; remarks on Lloyd’s and the Liverpool rules for ship- 
building ; the testing of shipbuUding in iron and steel ; and the armour-plating of war 
ships. The volume is wofusely illustrated with carefully executed woodcuts, and with 
steel-plate engravings, showing in perspective section the systems of framing adopted 
in the mercantile steamships Queen and China, and in the war-ships Warrior, Bellero- 
phon, and Hercules. 


Translatiom from the Latin, German, Italian, 

PREFIXED TO THE SIXTH AND POPULAR EDITION OF THE 
ILIAD OF HOMER. 

BY EDWARD, EARL OF DERBY. 

8vo. 

Printed uniformly with the Fifth and Library Edition. 
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MR. MURBAT8 WORKS IN PREPARATION. 


On Molecular and Microscopic Science, 

BY MARY SOMERVILLE, 

Author of ** Physical Science/’ Ac. 

With numerous Illustrations. 2 Vols. Post 8vo. 

The Metallurgy of Lead, Silver, Gold, 

PLATINUM, TIN, NICKEL, COBALT, ANTIMONY, BISMUTH, ARSENIC, 
AND OTHER METALS. 

BY JOHN PERCY, M.D., F.R.8., 

Lecturer on Metallurgy at the Qovemment School of Mines. 

With Illustrations. 8vo. 

Also, a New and Revised Edition of VOL. I. of Pehoy’s Metallurgy. 

♦ 

Missionary Travels in Little Known Parts 
of Asia Minor, 

BY REV. HENRY J. VAN LENNEP. 

With Map and Illustrations. 2 Vols. Post 8vo. 

^ . 

The Annals of St, Paul’s Cathedral. 

BY HENRY HART MILMAN, D.D., 

Dean of St. Paul’s. 

With Illustrations. 8vo. 

^ 

History of Painting ; Second Division. 
North Italy. 

INCLUDING VENICE, LOMBARDY, PADUA, VICENZA, VERONA, 
PARMA, FRIULI, FERRARA, AND BOLOGNA. 

FROM THE SECOND TO THE SIXTEENTH CENTURY. 

BY J. A. CROWE & G. B. OAVALCA8ELLE 

Aotbon of “ The liaily Flmalsh Peiutera.” 

With lUustrations. 2 Vols. 8vo. 

Student’s Manual of Ecclesiastical History. 

Containing the History of the Christian Church from the Close of the New 
Testament Canon to the Reformation. 

Post Syo. 



ilk mmM:rs woMm 


THE CONCLUBINe VOLUME OP THE 

Lives of the Warriors of the 11th Century, 

BY GENERAL SIR EDWARD OUST. 

Mokk, Duke of Albemarle— Marshal De Luxemboueo— Frederick William, 
THE Great Elector— John Sobieski, King of Poland— Marshal Schomberg— 
William III., Prince of Orange— Claverhouse, Viscount Dundee— Aurung- 
Ebbe— Nadir Schah— The Two Marshals Stahremberg— Feld Mabbschal Traun 
—Admiral Blake— Admiral Tromp— Admiral De Ruyter— Admiral Lord Sand- 
wich-Admiral Du Quesne— Admiral Van Tromp— James, Duke of York— 
Admiral De Tourville— Admiral Benbow— Admiral Chateau Regnault— Ad- 
miral Lord Torrinqton— Commodore Jean Bart— Admiral Lord Orford— Admi- 
ral D’Estr^es— Sir Cloudesley Shovel— Sir George Rooke. 

Post 8vo. 

The Constitution and Practice of Comis 

Martial ; 

WITH A SUMMARY OF THE LAW OF EVIDENCE, &c. 

BY OAPT. T. F. SIMMONS, R.A., 

Sixth EdUimy embodying the latest alterations in tbe law. 8vo. 

“ Recommended to the army as a useful book of reference.”— B £ gulaix(mft 1868. 

“Abook of admitted authority.” — Mr. Mowbray (now Judob ADVOCATE-GB»*iUL), — JHpui* of 
CommonSt 15th March, 1864. 

^ 

Life of George and Bohert Stephenson; 

'comprising a history of the invention and introduction op 
THE locomotive, AND A MEMOIR OF RICHARD TREVITHICK. 

BY SAMUEL SMILES. 

A New Edition, revised and enlarged. W’’itli Illustrations. 8vo. 

Initia Grceca, Part III. 

GREEK PROSE COMPOSITION. 

Containing the Rules of Syntax, with Copious Examples and Exercises, 

BY WILLIAM SMITH, LL.D. 

12mo. 

A Catalogue of the Worhs of Sir Joshua 

Beynolds, 

WITH NOTICES OF THEIR PRESENT OWNERS AND LOCALITIBS. 

BY TOM TAYLOR & CHA8. W. FRANKS. 

With IRostrations. Fcap. 4to. 




MS. MUSBAr^ WORKS IJf PBER4MATI0N. 
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Handbook — North Wales, 

BANGOE, CAKNAEVON, BEAUMAEIS, SNOWDON, CONWAY, 
MENAI STRAITS, &c. 

A new and revised Editim. Maps. Post 8vt). 


Handbook — Northern Cathedrals. 

INCLUDINO 

YOBK, DURHAM, CHESTER, AND 

BTPON, CARLISLE, MANCHESTER. 

BY R. J. KING, B.A. 

AVith Illastfations. Crown 8vo. 


Handbook — The Eastern Counties. 

ESSEX, SUFFOLK, NORFOLK, AND CAMBRIDGE. 

Map. Post 8vo. 


Handbook — Derby, Notts, Leicester, and 

Stafford. 

CHESTERFIELD, MATLOCK, BAKEWELL, OHATSWORTH, THE PEAK, 
BUXTON, HARDWICK, DOVE DALE, ASHBORNE, SOUTHWELL, MANS- 
FIELD, RETFORD, BURTON, BELVOIR, MELTON MOWBRAY, WOLVER- 
HAMPTON, LICHFIELD, WAI^ALL, TAM WORTH. 

Map. Post 8vo. (Ready.) 


Handbook — Travel Talk, 

IN ENGLISH, FRENCH, GERMAN, AND ITALIAN. 
A new and revised Edition. 16mo, 


Handbook — Scotland. 

EDINBURGH, MELROSE, KELSO, GLASGOW, DUMFRIES, AYR, STIRLING, 
ARRAN, THE CLYDE, OBAN, INVERARY, LOCH LOMOND, LOCH 
KATRINE AND TROSSACHS, CALEDONIAN CANAL, INVERNESS, PERTH, 
DUNDEE, ABERDEEN, BRAEMAR, SKYE, CAITHNESS, ROSS, and 
SUTHERLAND. 

A mw, enlarged^ and thoroughly mised Edition^ with many New Routes. 

Maps and Plans. Post 8vo. 



MS. MUSSAra WOBjm f if PSEPASAfim.. 


m 


Sandhook — Smth Italy, 

TWO SICILIES, NAPLES^ POMPEII, HERCULANEUM, VESUVIUS, 
ABRUZZr, Ac. 

A new emd revised Editiou, Majw. Post 8vo. 

^ 

Handbook — Spain^ 

ANDALUSIA, GRENADA, MADRID, &c. 

A new Edition^ thoroughly revised on the spot Maps. Post 8vo. 


Handbook — Sardinia and Corsica. 

Maps. Post 8vo. 


Handbook — Turkey and Constantinople. 

A New and Revised Edition. Map. Post 8vo. 


Handbook — Russia. 

ST. PETERSBURG, MOSCOW, FINLAND, to the BLACK SEA and CASPIAN. 
A new and revised Editum. Maps and Plans. Post 8ro. 


Handbook — Syria and Palestine. 

Including an Account of the Geography, History, Antiquities, and Inhabitants of those 
Countries, the Peninsula of Sinai, Edom, and the Syrian Deserts. With detailed 
Descriptions of Jerusalem, Petra, Damascus, Palmyra, Ac. Ac. 

A new and revised Edition. Maps and Plans. 2 Vols. Post 8\o. (Ready.) 


Studies of the Music of Many Nations. 

Including a Course of Lectures at the Royal Institution. 

BY HENRY F. CHORLEY. 

8to. 


The Threshold of Ufe. 

Post 8to. 




a» MS. WdMWS m PSEFAnAtlON. 

A li^BU&iiaty df dJhrisUcLft A^Uqidties. 

COIIPMSINO THE HISTOBY, INSTITUTIOIirS, AECOaOI-OGY, GBOGEAPHY, 
AND BIOGRAPHY OF THE OHBISTIAN CHURCH, FROH TOE TIMES 
OF THE APOSTLES TO THE AGE OF CHARLEMAGNE 

Crm>ER THE GENERAL ^SUPERINTENDENCE OF 

WM. SMITH, LL.D., 

In continimtion of his “ Dlctbiiary of the Bible ” With lUnStarations. Medium 8vo. 


A Copiom English-Latin Dictionaryj 

Compiled from original sources, for Colleges and the Higher Forms in Schools. 

BY WM. SMITH, LL.D., AND THEOPHILU8 D. HALL, MX 

Medium 8vo, and square 12mo. 

4 

A Short Practical Hebrew Grammar. 

BY REV. STANLEY LEATHE8, M.A., 

Professor of Hebrew, King’s College, Loudon. 

Post 8vo. 


A Classical and Bihliccd Atlas. 

EDITED BY WM. SMITH, LL.D. 

Pabt I.— GREECE, «nd THE ISLANDS OF THE jEGEAN. 

Pakt II.— THE HOLY LAND AND COUNTRIES OF THE BIBLE. 


Students Manual of Modern Geography. 

BY W. L. BEVAN, M.A., 

Author of ** The Student’s Manual of Ancient Geography." 

With Maps and Illustraiaons* Post firo. 

# 

History of Pottery and Porcelain, 
Mediceval and Modern. 

BY JOSEPH MARRYAT. 

Third Editwn, iwised »nd giwtly enlarged, with IRustrathma Medium 8vo. 


BaaPBVBT, i:vAit8, arm co , PBisrrans, wsimiiiABa. 











